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Collagen I matrices containing high-sulfated HA modulate phenotype and function of human
pro-inflammatory M1 macrophages
S Franz,1 I Forstreuter,1 V Hintze,2 S Moeller3 and JC Simon1 1 Department of Dermatology,
Venerology und Allergology, Leipzig University, Leipzig, Germany, 2 Max Bergmann Center for
Biomaterials, Technical University Dresden, Dresden, Germany and 3 Biomaterials
Department, INNOVENT e.V., Jena, Germany
In chronic wounds sequence of normal wound healing progressing through inflammation, granu-
lation tissue formation and remodelling often fails due to aberrant prolongation of the inflamma-
tory phase. Unopposed activation of inflammatory macrophages (M1) is assumed as major cause
for persistent inflammation. Thus biomaterials capable to modulate macrophage activation and to
promote inflammatory resolution represent a promising approach for treatment of non healing
wounds. Since native ECM is known to guide functions of immune cells we tested artificially com-
pounded ECM (aECM) on their capability to modulate the function of inflammatory M1. Artificial
ECM were composed of collagen I and the glycosaminoglycan hyaluronan (HA) which was addi-
tionally modified by introduction of sulfate groups resulting in low- and high-sulfated HA deriva-
tives. Testing functions of M1 revealed reduced inflammatory activities of macrophages differenti-
ated on matrices composed of collagen I and high-sulfated HA (hsHA) as seen e.g. by reduced release
of TNFα and IL-12 due to impaired activation of NFkB. Moreover, these macrophages are capable
to secrete immunregulatory IL-10 typically not produced by M1. Cytokine ratio of IL-12/IL-10 cre-
ated by macrophages on this aECM is similar to that produced by regulatory M2 macrophages. Since
these macrophages also show reduced activity of transcription factors STAT1 and IRF5 both con-
trolling macrophage polarization to M1-subsets we conclude that collagen I matrices containing
hsHA dampen inflammatory macrophage function by impeding signaling pathways crucial for polar-
ization and activation of pro-inflammatory M1. We therefore suggest this aECM as promising bio-
material for modulating inflammatory macrophage functions during wound healing.
1453
Phytochemical incorporated biomaterials for wound healing
M Maruyama, Y Nakajima, R Madhyastha and H Madhyastha Department of Applied
Physiology, faculty of Medicine, University of Miyazaki, Miyazaki, Japan
Efficacy of natural compound encapsulated biomaterials in wound care management is gaining
importance now a days. Systems capable of delivering bioactive agents into cutaneous/subcuta-
neous levels are of great interest as therapeutic or cosmetic approaches for effective treatment and
acceleration of skin wound healing. C-phycocaynin, a chromo-protein from cyanobacteria was
impregnated/deposited/cross-linked with PLL-PLL (GA) into collagen solution to form biofilms, bio-
scaffolds and bio-based cryogels by polymerization, interlinking and cryogelation techniques respec-
tively. Tensile strength, swelling test, drug release rate, porosity and in vitro biodegradation rate were
evaluated. In vitro and in vivo models of wound healing were carried out by standard methods. Rate
of fibroblast migration and proliferation was calculated during the treatment period. In vitro stud-
ies on human dermal fibroblasts proved that C-pc encapsulated biofilms and scaffold could retain
the cellular cyto-compatibility and effectively accelerate cell migration and proliferation through
cyclin dependent kinase pathways and changes in cell cycle patterns. In vivo animal test further
revealed that scaffold could sufficiently support and accelerate the fibroblast infiltration from sur-
rounding tissue to wounded area and also accelerate wound contraction. Among all biomaterials
tested, cryogel proved to be better in terms of tensile strength and hydro-absorption rate. The cell
infiltration rate was higher than in the bio films and scaffold.These results suggest that collagen/c-
phycocyanin scaffold cross-linked with PLL(GA) is a potential candidate for dermal equivalent with
enhanced bio-stability and cryogels have higher bio-compatibility with faster biodegradability. The
suitability of cryogel was also observed in fibroblast-keratinocytes co-culture condition which closely
mimics the artificial skin.
1452
Sulfation of hyaluronan in regenerative biomaterials can control TGFβ1 induced myofibrob-
last differentiation due to competition with TGFβ1 receptor binding
A van der Smissen,1 S Samsonov,2 MT Pisabarro2 and U Anderegg1 1 Dept. of Dermatology,
University of Leipzig, Leipzig, Germany and 2 Struct. Bioinformatics, BIOTEC, TU Dresden,
Dresden, Germany
Myofibroblasts (MFb) are key players during wound healing, since they restore tissue integrity,
close the wound and produce a permanent scar. The fibroblasts to MFb differentiation requires
stimulation with TGFβ1 and results in the expression of α-smooth muscle actin (αSMA), collagen I
(coll) and the ED-A splice variant of fibronectin (ED-A FN). To prevent hypertrophic scars or fibro-
sis MFb finally undergo apoptosis. Thus, controlling MFb differentiation and apoptosis are essential
in wound healing. Sulfated glycosaminoglycans (GAG) are reported to interact with and modulate
the bioactivity of growth factors and putatively could modify the action of TGFβ1 on fibroblasts.
Within the scope of testing chemically modified matrix components for their potential use in treat-
ment of non-healing wounds we investigated the influence of hyaluronan (HA) and chemically high-
sulfated HA (hsHA) on MFb differentiation in the absence and presence of TGFβ1. Therefore, human
dermal fibroblasts (dFb) were cultured on matrices of coll, coll with HA or coll with hsHA. The
TGFβ1 stimulated induction of MFb markers αSMA, coll and ED-A FN was attenuated in the pres-
ence of hsHA. Furthermore, preincubation of hsHA with TGFβ1 impaired the Smad2/3 transloca-
tion to the nucleus in dFb while HA did not. In silico docking experiments with HA- and hsHA-
tetrasaccharides suggest a significant difference in their distribution on the surface of TGFβ1 molecule,
whereby hsHA occupies the TGFβ1-RI binding site on the TGFβ1 molecule. Consequently, hsHA
hinders dFb to MFb differentiation probably by the occupation of the TGFβ1-RI binding site on
TGFβ1 and thus prevents receptor binding, signal transduction and the expression of MFb markers
proteins. Thereby, introduction of hsHA could be a therapeutic approach for hypertrophic scars and
fibrosis.
1450
The development of a point-of-care diagnostic of wound status
CJ Daunton,1 R Short,1 D Leavesley,2 A Cowin1 and D Steele1 1 Mawson Institute, Adelaide, SA,
Australia and 2 Institute of Health and Biomedical Innovation, Brisbane, QLD, Australia
Chronic wounds typically arise from a disruption in the normal healing process which results in a
prolonged or continuous inflammatory phase. They are often a symptom of an underlying physio-
logical condition such as venous insufficiency, diabetic neuropathy or through limited mobility
which sees a prolonged application of pressure. Chronic wounds affect millions of people inflict-
ing significant pain and reducing quality of life for the patient as well as placing a significant bur-
den upon the health care system. The objective of this Wound Management Innovation CRC proj-
ect is to develop a quick and easy to interpret diagnostic tool that can aid the clinician in providing
an accurate prognosis of a wound’s chronicity. This will assist in ensuring that a correct diagnosis
of the wound is given and that appropriate care is provided in a timely manner, therefore improv-
ing healing time and patient quality of life. It is hoped that this will significantly improve patient
outcomes in a system that faces significant economical burden from chronic wounds each year.
Plasma polymerisation was used to engineer a surface with amine chemistry which will form the
platform of a multiplexed ELISA. Two monomers were optimised for their amine functionality and
the resultant plasma polymer films were analysed via X-Ray Photon Spectroscopy (XPS). These
films were subjected to aging and stability studies in solutions across a pH range to assess suitabil-
ity for use with native wound fluid. The plasma polymer films as prepared are relatively stable and
suitable for the aqueous environment that ELISA assay requires. The ELISA is currently being opti-
mised for potential biomarkers of wound status including VEGF, in complex solutions. It is expected
that this technology will be adaptable and transferrable to a range of different formats and biomarkers
present within wound fluid that are indicative of wound healing or chronicity.
1454
Human dermis-derived ABCB5-positive mesenchymal stem cells accelerate mouse skin full-
thickness excisional wound healing in part by the secretion of interleukin-1 receptor antag-
onist
S Vander Beken,1 D Jiang,1 Y Qi,1 J de Vries,1 A Kluth,2 Y Ziouta,2 C Ganss,2 M Wlaschek1 and
K Scharffetter-Kochanek1 1 Department of Dermatology and Allergic Diseases, Ulm University,
Ulm, Germany and 2 Ticeba GmbH, Heidelberg, Germany
Mesenchymal stem cells (MSCs) feature many characteristics, such as tissue regeneration capacity
and immune modulation, beneficial for therapeutic applications in injury and trauma. With respect
to skin wound healing, MSCs have been proposed to suppress inflammatory processes and stimu-
late repair mechanisms such as myofibroblast differentiation and matrix deposition, angiogenesis,
as well as re-epithelialisation. Although MSCs are present in all connective tissues of the body includ-
ing the dermis, these studies have mainly focused on MSCs isolated from either bone-marrow or
adipose tissue. Here we describe the isolation of an ATP-binding cassette sub-family B member 5
(ABCB5) positive plastic-adherent dermal cell subpopulation and its characterization as bona-fide
MSCs. ABCB5+ dermal MSCs contributed to full-thickness excisional skin wound healing in mice
to a comparable level as GMP-isolated and cultured bone-marrow derived MSCs. Furthermore, we
demonstrated that ABCB5+ dermal MSCs secreted interleukin-1 receptor antagonist (IL-1RA) in
response to inflammatory stimulation, which in turn inhibited classical macrophage activation with
TNF-alpha release. IL1-RA inhibits the activity of IL-1 cytokines by binding to the IL-1 receptors
without activating signal transduction. The importance of MSC-secreted IL-1RA for the observed
accelerated cutaneous wound healing in mice was substantiated by a siRNA-mediated gene-silenc-
ing approach. In conclusion, human dermal ABCB5+ sorted MSCs represent an easy accessible
source for cell-based therapy of skin wounds that accelerates healing at least in part by the secre-
tion of IL-1RA.
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Ratite oils promote keratinocyte cell growth and inhibit leukocyte activation
GL Leung,1 DC Bennett,3 E Wang,1,2 S Ma,1 B Lo,1,2 K Cheng3 and KJ McElwee1,2 1 Department
of Dermatology and Skin Science, University of British Columbia, Vancouver, BC, Canada, 2
Vancouver Coastal Health Research Institute, Vancouver, BC, Canada and 3 Avian Research
Centre, Faculty of Land and Food Systems, University of British Columbia, Vancouver, BC,
Canada
Emu oil has been used as a popular traditional wound healing treatment and anti-inflammatory rem-
edy by Australian aborigines. Several published animal studies suggest emu oil treatment can pro-
mote reepithelialization in wound areas and may have anti-inflammatory properties. We investi-
gated effects of 6 different individual emu oils along with oils from other ratites (3 ostriches and 1
rhea), duck, tea tree and olive oil on immortalized human keratinocytes (HaCaT cells) in vitro with
0%, 0.5% and 1.0% oil concentrations in culture medium. Human peripheral blood mononuclear
cells (PBMC) were subjected to phytohemagglutinin (PHA) activation and exposed to each oil at
0.5% concentration in culture medium for 48 hours incubation to evaluate their impact on PBMC’s
survival rate and IFNγ production with ELISpot Assays. Shorter population doubling time durations
were observed for HaCaT cells cultured in emu oil (1.18X faster), ostrich oil (1.25 X faster), and
rhea oil (1.14X faster) when compared to no oil control. Whereas cells cultured with tea tree oil
and olive oil showed prolonged population doubling time durations; 1.13X slower and 3.08X slower
respectively. In contrast, majority of the oils reduced PBMC viability, with tea tree oil having the
most significant adverse impact. ELISpot results showed that although the degree of IFNγ inhibiting
effect varied among different oils, individual emu, ostrich, rhea, and duck oil, bestowed a high
degree of inhibition. This preliminary investigation suggests that emu oil has potential to aid wound
healing in humans by impelling growth rate of keratinocytes and confirms its anti-inflammatory
properties on PBMC. With this combination, ratite oils may be useful as a component in treatments
for wound healing and inflammatory skin conditions.
1456
Inhibition of NF-κB signaling by hypochlorite rejuvenates skin
T Leung1 and SK Kim2 1 Dermatology, Stanford University, Stanford, CA and 2 Stanford
University, Stanford, CA
Hypochlorite, the active ingredient in Clorox, is used worldwide for cleaning. As a clinical treat-
ment, 0.005% hypochlorite baths (the same concentration used in swimming pools) improves atopic
dermatitis, which may be mediated by antimicrobial and/or anti-inflammatory effects. We’ve dis-
covered that hypochlorite inhibits signaling governed by nuclear factor (NF)-κB, thereby inhibiting
inflammation and reversing aging programs in skin. In cultured cells, hypochlorite exposure leads
to oxidation of regulatory cysteines and inactivation of IκB kinase (IKK), a key regulator of NF-κB
activation. In aged mice, topical hypochlorite reduced skin NF-κB signaling in vivo, and attenuated
age-dependent expression of p16INK4a and other genes, leading to a striking re-acquisition of juve-
nile skin phenotypes. These included enhanced epidermal thickness and proliferation, which reverted
with hypochlorite withdrawal. Our work defines a new mechanism for a commonly used derma-
tologic treatment. Discovery of chemical methods that reversibly modulate IKK signaling should
advance our ability to control diverse physiological and pathological skin processes regulated by
the NF-κB pathway.
1457
Impaired β2 integrin-dependent activation of NOX2 in macrophages delays wound healing
in CD18-/- mice
A Kügler,1 S Schatz,1 S Vander Beken,1 B DeGeest,2 C Hauser,3 A Rück,3 P Hawkins,4
K Scharffetter-Kochanek1 and A Sindrilaru1 1 Department of Dermatology and Allergic Diseases,
University of Ulm, Ulm, Germany, 2 University of Ghent, Ghent, Belgium, 3 University of
Ulm, Ulm, Germany and 4 The Babraham Institute, Cambridge, United Kingdom
Leukocyte Adhesion Deficiency type1 (LAD1) patients with reduced levels of β2 integrins due to
mutations in their common β chain (CD18) suffer from severe wound healing defects. In the CD18-
/- murine LAD1 model we previously found β2 integrins to control phagocytosis of apoptotic neu-
trophils (PMN) by macrophages (MΦ) with subsequent release of reactive oxygen species (ROS) and
active TGF-β1 at wound sites and thus normal wound healing. The NADPH oxidase NOX2 is the
main source of ROS release in MΦ. We here investigated whether impaired phagocytic activation
of NOX2 in MΦ is causal for insufficient ROS release, reduced TGF-β1 activation and impaired
wound healing in CD18 deficiency. In vivo imaging and wound healing experiments revealed CD18-
/- wounds to mount significantly reduced amounts of ROS compared to wildtype (WT) wounds.
Further, the wound healing defect of CD18-/- mice was rescued by injection of the oxidative burst
inducer Rotenone. Rotenone significantly increased active TGF-β1 release at wound sites and from
MΦ upon phagocytosis of apoptotic PMN in vitro. NADPH based fluorescence lifetime imaging
revealed NOX2 to be activated in WT but not in CD18-/- MΦ upon adhesion to apoptotic PMN. Sim-
ilar to CD18-/- mice NOX2-deficient p40phox-/- mice presented significantly delayed wound heal-
ing compared to WT mice. Importantly, injection of WT but not p40phox-/- MΦ around CD18-/-
wounds fully restored the LAD1 wound healing defect. Taken together, β2 integrin-dependent NOX2
activation is essential for sufficient ROS production with subsequent TGF-β1 activation by MΦ and
normal wound healing. Targeting β2 integrins and the downstream target NOX2 may prove prom-
ising to therapeutically tilt MΦ function in MΦ-driven inflammatory disorders.
1458
Fractional laser-assisted changing of tissue shape
W Limpiangkanan,1,2 WB Farinelli,1 MM Avram1 and RR Anderson1 1 Dermatology, Harvard
Medical School, Boston, MA and 2 Medicine, Naresuan University, Muang, Thailand
There is a strong need to change the shape and to predictably move soft tissue in a particular direc-
tion, for example to relieve tension on burn scars, close a wound or treat skin conditions. Conven-
tional fractional ablative laser typically removes 10-30% of the skin volume by ablating very small
channels deeply into skin. These microscopic holes “fill in” by fibroblast migration into the chan-
nels and new tissue is formed. Instead of letting the holes “fill in”, we tested the hypothesis that
closing them (similar to macroscopic wound closure) would reduce the skin area, and move skin
in the direction of hole closure. Ex-vivo human skin samples were treated with a prototype frac-
tional CO2 laser device operating at 3-10 ms exposure duration to produce arrays of holes of 2 mm
depth. We found that the residual thermal damage layer (RTD) surrounding each hole, typical of
fractional lasers, was stiff and prevented hole closure. A contact ZnSe window apparatus was designed
and used to entrap laser-induced steam inside the skin tissue, breaking up the RTD. This produced
a significant increase in hole eccentricity (p<0.00) and circumference (p=0.027), with fracturing of
the RTD seen by histology which allowed easier hole closure. We then stretched and applied an
adhesive, elastic surgical dressing to provide hole closure by elastic recoil of the dressing. In an in-
vivo swine study, epilated abdominal test sites were marked with sterile ink micro tattoos prior to
fractional laser treatments with and without (control) hole closure. At 7, 14 and 28 days there was
significant reduction in skin area due to hole closure, specifically in the direction of hole closure.
There was no scarring. In conclusion, we show that a modified fractional ablative laser treatment
followed by closure of microscopic holes, can reduce skin area and move skin in a preferred direc-
tion. This approach appears promising for clinical applications.
1459
Interest of Rhealba® oat plantlets on epidermal reparation
H Hernandez-Pigeon, I Ceruti, A Caruana, A Mandeau, M Galliano, H Duplan, S Bessou-Touya
and N Castex-Rizzi Dermo Cosmetic Department, Pierre FABRE R&D Center, Toulouse, France
Epidermal reparation is a crucial step in cutaneous restoration of irritated skin and in wound heal-
ing. It involves the combination of two cellular processes, proliferation and migration, temporally
and locally orchestrated by specific molecular mediators (growth factors, cytokines, collagen,
hyaluronic acid, etc). The restoration of barrier function is also important for epidermal reparation.
ABCG1, a lipid transporter, is then induced during keratinocyte differentiation to assure lipid bar-
rier formation. In order to evaluate Rhealba® oat plantlets on epidermal reparation, we tested this
extract on keratinocyte proliferation, on hyaluronic acid (HA) expression, on collagen IV (dermal-
epidermal junction protein) expression, and on ABCG1 mRNA expression. Normal human ker-
atinocytes were submitted to 48h-treatment with increasing concentrations of Rhealba® oat plantlets.
Cell proliferation was assessed by the measurement of BrdU incorporation. Then we performed a
cell culture with Rhealba® oat plantlets to assay the expression of molecular mediators involved
on epidermal regeneration at the protein level by ELISA and immunolabeling, or at the transcrip-
tional level by real-time RT-PCR. Finally we analysed the influence of a cream containing Rhealba®
oat plantlets on the lipids neosynthesis on human reconstructed epidermis. Our results showed that
Rhealba® oat plantlets were able to stimulate keratinocyte proliferation. We also showed that, fol-
lowing Rhealba® oat plantlets treatment, the expression of HA and collagen IV were induced. Gene
expression analysis showed that ABCG1 was induced, suggesting that the Rhealba® oat plantlets
favour barrier function restoration by enhancing lipid synthesis, which was further supported by the
data obtained on human reconstructed epidermis. Together, the present data, obtained in vitro,
support the positive action of Rhealba® oat plantlets on skin reparation.
1460
Keloid fibroblasts exhibit hyper-responsiveness to mechanical stimulation: The role of cell
softening and nuclear Runx2
C Hsu,1,2 H Lin,3 Y Wang,3 H Harn,3 J Lee2 and M Tang3 1 Institute of Clinical Medicine, National
Cheng-Kung University College of Medicine and Hospital, Tainan, Taiwan, 2 Department of
Dermatology, National Cheng-Kung University College of Medicine and Hospital, Tainan,
Taiwan and 3 Department of Physiology, National Cheng-Kung University College of Medicine
and Hospital, Tainan, Taiwan
Keloids prone to form in the body area with increased skin tension. We hypothesize that keloid
results from the hyper-responsiveness of keloid fibroblasts (KFs) to mechanical stimulation. The pur-
pose of the study is to understand the mechanical properties of KFs and the role of nuclear Runx2,
an osteogenic and chondrogenic transcription factor, in their responsiveness to mechanical stimu-
lation. By using atomic force microscopy, we found that KFs (1,205±70 pascal) tended to be softer
than normal fibroblasts (NFs) (1,521±145 pascal) (N=7, P=0.0744), while keloid tissue and normal
skin tissue were measured at 16,570±1,648 and 1,503±250 pascal, respectively (N=3, P0.001).
We plated KFs and NFs on collagen-coated polyacrylamide gel of different stiffness simulating tis-
sue microenvironment, and found that KFs produced more fibronectin than NF when cultured on
a stiff gel (20,000 pascal) while both KFs and NFs produced equally low level of fibronectin on a
soft gel (2,000 pascal). Tissue protein analysis revealed that keloid tissues were abundant with
fibronectin, type 1A1 collagen, type 3A1 collagen and skeleton-associated protein collagen type
11A1. From our immunohistochemical study, the upstream transcription factor, Runx2, was detected
in the nuclei of fibroblasts within keloid lesions. Knocking down Runx2 in KFs using RNA interfer-
ence decreased the ECM production, including fibronectin, type 3A1 collagen and type 11A1 col-
lagen. On polyacrylamide gel culture system, the nuclear expression of Runx2 in KFs correlated
with substratum stiffness. In conclusion, KFs and NFs display different profile of biomechanical prop-
erties and response to changes in substratum stiffness. Ectopic expression of Runx2 possibly plays
a role in the hyper-responsiveness of keloid to mechanical stimulation.
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High concentration of glucose activates migration and proliferation of human skin keratinocytes
through inducing active release of HMGB1
K Yamada1,2 and K Matsushita1 1 Department of Longevity Oral Science, Kagoshima University
Graduate School of Medical and Sciences, Kagoshima, Japan and 2 C.A.C.,inc., Nagareyama,
Japan
High-mobility group box 1 (HMGB1) is a nuclear factor and a secreted protein. During inflamma-
tion, HMGB1 is secreted into the extracellular space where it can interact with the receptor for
advanced glycation end products (RAGE) and trigger proinflammatory signals. This protein has also
been shown to function as a cytokine and to promote keratinocyte scratch wound healing. In the
present study, we investigated the effect of a high glucose concentration on secretion of HMGB1 in
cultured human skin keratinocytes. A high concentration (10 mM) of glucose decreased the high
concentration of glucose induced HMGB1 release in human skin keratinocytes and promoted phos-
phorylation of ERK1/2 but not that of p38 or JNK. The MEK1/2 inhibitor PD98059 also suppressed
HMGB1 release induced by 10 mM glucose. The high concentration of glucose activated migration
and proliferation of human skin keratinocytes, and antibodies to HMGB1 inhibited these glucose-
induced phenomena in vitro. These results suggest that a high glucose concentration induces HMGB1
release from skin keratinocytes and may enhance wound healing in the skin.
1463
Apelin inhibits subcutaneous adipose tissue accumulation by enhancing lymphatic and blood
vessel integrity
K Kajiya,1 M Sawane,1,2 H Kidoya,2 F Muramatsu2 and N Takakura2 1 Shiseido Innovative Science
Research and Development Center, Yokohama, Japan and 2 Department of Signal
Transduction, Research Institute for Microbial Diseases, Osaka University, Osaka, Japan
Recent publications featured the lymphatic function on adipose tissue research including skin. Chy
mice, a naturally occurring mouse model of lymphedema due to heterozygous inactivating muta-
tions in VEGFR-3, exhibit adipose layer accumulation in skin. In humans, excess adipose tissue is
frequently found in lymphedema patients, suggesting that the impairment of lymphatic function
resulted in adipose tissuce accumulation. We have recently shown that apelin/APJ signaling pro-
motes the integrity of blood and lymphatic vessels, resulting in attenuation of UVB-induced inflam-
mation. Here we first describe a link between adipocytes and the integrity of blood/lymphatic
endothelial cells in skin. Apelin-deficiency resulted in increased subcutaneous layer of adipocytes,
whereas apelin overexpression inhibited its accumulation by enhancing vessel integrity. The co-cul-
tures of lymphatic endothelial cells and adipocytes revealed that adipocyte differentiation was
potently induced by the plasma from a high-fat diet through the endothelial monolayer, whereas
no significant difference was found in the absence or presence of plasma from a regular diet. More-
over, oleic acid, one of fatty acids rich in a high-fat diet induced hyperperpermeability of endothe-
lial cells with loss of VE-cadherin localization on cell-cell junctions, causing adipocyte differentia-
tion, whereas apelin inhibited vascular hyperpermeability by promoting vascular stabilization. These
results indicate that apelin inhibits high-fat-diet-induced obesity and subcutaneous adipose tissue
accumulation by enhancing vessel integrity. Apelin could serve as a therapeutic target for treating
adipose tissue accumulation and its related diseases.
1465
Cytoplasmic sequestration of keratinocyte GLUT1 by ganglioside GM3 mediates impaired
diabetic wound healing
A Shehu,1 J Lu,1 H Wilson,1 DQ Bach,1 D Shipp,1 P Randeria,2 C Mirkin2 and AS Paller1 1
Dermatoogy, Northwestern Univ., Chicago, IL and 2 Chemistry, Northwestern Univ.,
Evanston, IL
We have previously shown that ganglioside GM3, which accumulates in diabetic skin, blocks insulin
signaling and that knockout (KO) of GM3 synthase (GM3S) reverses the impaired wound healing
in diabetic mice. Excess glucose prevents normal keratinocyte (KC) proliferation and migration, but
stimulates cell migration and proliferation in GM3-depleted KCs. We hypothesized that depletion
of GM3 promotes glucose uptake, even in the presence of excess glucose, energizing KCs to be
more mobile and proliferative, thus facilitating wound healing in diabetics. Using spherical nucleic
acid-gold nanoparticle (SNA) gene suppression to modulate GM3S expression and purified GM3
as a biochemical supplement, we explored the effect of ganglioside content on glucose uptake in
human KCs (NHEKs). In 24h scratch wounds, NHEKs lacking GM3S had greater cell proliferation
(p<.001), and migration (p<.01) compared with untreated and scrambled SNA-treated controls, par-
ticularly in the presence of increased glucose (p<.001 by 12h post-scratch). In normoglycemic
medium, SNA-induced GM3S depletion increased glucose transporter 1 (GLUT1) translocation to
the plasma membrane. In addition, glucose uptake was increased 5-fold (with no growth factor),
11-fold (with insulin), and 15-fold (with IGF-1 stimulation) (all p<.001). The ratio of membrane:cyto-
plasmic GLUT1 in GM3S SNA-treated NHEKs was increased 10-fold by excess glucose. SNA-induced
prevention of GM3 metabolism using SNAs to increase GM3 or excess glucose inhibited NHEK pro-
liferation (p<.001), migration (p<.01), GLUT1 translocation to the membrane, and glucose uptake
(p<.01). Adding GM3 to GM3S SNA-treated NHEKs prevented GLUT1 translocation and reversed
increases in cell proliferation (p<.001), migration (p<.01) and glucose uptake (p<.01). These data
suggest that GM3 mediates impaired diabetic wound healing by suppressing glucose transport and
supports the development of strategies to deplete cutaneous GM3 as a novel therapeutic modality
for diabetic ulcers.
1464
Polyphenol enriched botanical extract pretreatment protects keratinocytes against oxidative
stress
RK Sivamani,1 DS Chahal,1 S Vu,1 R Zackria,1 B Rehal1 and RR Isseroff1,2 1 UC Davis,
Sacramento, CA and 2 VA Mather, Mather, CA
Oxidative stress is elevated in both acute and chronic wounds and impairs keratinocyte motility, an
integral part of wound healing. Botanical extracts possess antioxidant properties. We examined if
pretreatment with botanical extracts enriched in polyphenolics could protect keratinocytes from
oxidative stress induced impairment of cell motility. Antioxidant activities of aqueous and non-aque-
ous botanical extracts were tested by the ferric reducing antioxidant power (FRAP) assay. Keratinocytes
were either pretreated or post-treated with botanical extracts, before exposure to hydrogen perox-
ide, and single cell migration was measured. To determine if effects could be ascribed to particular
phytochemical subgroups, keratinocytes were pretreated with vitamin C (control), D-limonene (ter-
pene), ellagic acid (EA, polyphenol), or epigallocatechin gallate (EGCG, polyphenol) prior to hydro-
gen peroxide exposure. The FRAP assay revealed that aqueous extracts of Aloe Vera and Echinacea
had 16-fold and 21-fold (p<0.001) elevated antioxidant activity compared to turmeric, respec-
tively. Acetone and ethanol extracts of aloe vera respectively had 1.7 and 2.3-fold enhanced antiox-
idant activity (p<0.001) while similar extracts of Echinacea had 8 and 4-fold decreased antioxidant
activity (p<0.001) in comparison to aqueous extracts. Hydrogen peroxide impaired keratinocyte
migration in both a dose and time dependant manner. Pretreatment with aqueous extracts of aloe
vera and Echinacea protected keratinocytes from hydrogen peroxide mediated impairment in motil-
ity by 49% (p<0.001) and 23% (p=0.042), respectively. Post-treatment provided no protection. While
vitamin C, EA, and D-limonene did not protect the keratinocytes, EGCG partially protected them
from impaired cell migration by 20% (p<0.02). Pretreatment with polyphenol enriched extracts or
specific polyphenolic phytochemicals protects keratinocytes against oxidative stress mediated reduc-
tion in motility. The solvent of extraction plays an important role in determining the final antioxi-
dant activity of the extract.
1462
Rapid construction of a three-dimensional multilayered dermis with a vascular tube network
by polymeric nanofilm coating on cell surfaces for a living skin equivalent
Y Shirakata,1 M Matsusaki,3 M Tohyama,1 M Murakami,1 H Okazaki,1 S Hirakawa,2 K Hashimoto,1
M Akashi3 and K Sayama1 1 Dermatology, Ehime University School of Medicine, Toon City,
Japan, 2 Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan and 3
Applied Chemistry, Osaka University School of Technology, Suita, Japan
The development of artificial three-dimensional (3D) tissues possessing a similar structure and
function to natural tissues is a key challenge in regenerative medicine. A living skin equivalent con-
sists of an epidermis and dermis; in particular, it takes a long time to prepare the dermal compo-
nent. To address this, we developed a simple and unique approach using nanometer-sized films con-
sisting of fibronectin and gelatin (FN-G) as a nano-extracellular matrix. The FN-G nanofilms were
prepared directly on the cell surface, and they acted as a stable surface for adhesion. The FN-G
nanofilms prepared on individual cell surfaces provided an interactive property via α5β1 integrin
receptor in the cell membrane; thus, adhesion between the seeded cells could be induced at the
same time in three dimensions. This rapid approach readily provided >10-20 layers after only 1 day
of incubation. Next, we attempted to construct a thick multilayered dermis with endothelial tube
networks by embedding human umbilical vein endothelial cells (HUVECs) in 3D tissues composed
of normal human dermal fibroblasts (NHDFs). We performed a sandwich culture of HUVECs between
4L-NHDFs. After 7 days of incubation, highly developed capillary networks and a tubular mor-
phology were clearly observed for the HUVECs. Moreover, when human lymph endothelial cells
(LECs) were used together with the HUVECs, individual tubular networks of HUVECs and LECs were
obtained. To our knowledge, such widespread and dense blood and lymphatic capillary networks
in 3D multilayered tissues have not been reported. In conclusion, a cell accumulation technique is
valuable in developing 3D cellular architectures using multiple cell types to control the location
and types of cells. Our technique represents one solution for the development of 3D tissue models
such as skin.
1466
Vascular hyperpermability and severe impairment of lymphatic vessels contribute to the for-
mation of pressure ulcers in mouse ischemia-reperfusion injury
A Kasuya,1 S Hirakawa,1 J Sakabe,1 A Kishimura,2 Y Anraku,2 K Kataoka2,3 and Y Tokura1 1
Department of Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan,
2 Department of Materials Engineering, Graduate School of Engineering, University of Tokyo,
Tokyo, Japan and 3 Center for Disease Biology and Integrative Medicine, Graduate School of
Medicine, University of Tokyo, Tokyo, Japan
Ischemia-reperfusion (IR) injury plays a major role in developing pressure ulcers. However, it remains
unclear whether IR injury affects the structure and function of blood or lymphatic vessels in the skin.
To address the question, we investigated the biological impact of IR injury on cutaneous vascula-
ture in a mouse IR injury model utilizing ceramic magnets. We initially subjected wild-type mice
to the standard regimen, and found that cutaneous IR injury develops marked edema and subse-
quent ulceration. Therefore, we next quantitated the vascular leakage in vivo by intravenous injec-
tion of fluorescence-labeled polyion complex nanoparticles which are 100nm in diameter. Two
hours after IR, marked increase of fluorescence was found in the areas of IR injury, indicating that
vascular hyperpermeability was induced in the experimental cutaneous IR injury. Second, we quan-
titated the lymphatic drainage in vivo using indocyanine green (ICG). Intradermal injection of ICG
into the adjacent area of IR injury revealed that the lymphatic transport of ICG was severely impaired
in the areas of injury 24 hours after IR, whereas sham-treated skin showed the complete transport
of ICG by normal lymphatic vessels. Double immunofluorescence stains for blood and lymphatic
vessels demonstrated that blood vessels are markedly enlarged, whereas no lymphatic vessels are
found in the areas of IR injury, indicating that the lymphatic vessels are totally abolished. These
results demonstrate that the increased leakage from blood vessels and the lack of lymphatic drainage
contribute to the formation of cutaneous edema and ulceration in the mouse IR injury model.
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Smad7 accelerated healing of cutaneous wounds associated with chronic inflammation
G Han,1 F Li,1,2 S Iriyama,1 B Li,2 Q Zhang1 and X Wang1 1 University of Colorado Denver
Anschutz Medical Campus, Aurora, CO and 2 Yueyang Hospital of Integrated Traditional
Chinese and Western Medicine, Shanghai, China
We have previously shown that overexpression of the TGFβ1 antagonist Smad7 in mouse epider-
mis accelerates skin wound healing. In this study, we found increased TGFβ1 expression and inflam-
matory cell infiltration in chronic ulcers of diabetes patients. To assess if Smad7 has the potential to
be used to treat defective wound healing associated with chronic inflammation, we cross bred
K5.Smad7 transgenic mice with K5.TGFβ1 mice; the latter exhibits a chronic inflammatory skin phe-
notype and delayed healing of excisional wounds. We found that bigenic K5.TGFβ1/Smad7 mice
had reduced inflammation and delayed wound healing. Next, we produced recombinant human
Smad7 protein with a Tat-tag (Tat-Smad7) that rapidly permeates the cell membrane and enters the
nucleus. In vitro tests show that Tat-Smad7 rapidly entered keratinocytes in culture and remained
in cells for at least 36 hours. Tat-Smad7 treatment was capable of blocking TGFβ1-induced phos-
phorylation of Smad2 in keratinocytes. Subcutaneous injection of Tat-Smad7 into the skin of K5.TGFβ1
mice significantly alleviated skin inflammation. When Tat-Smad7 protein was topically applied to
6-mm wounds on K5.TGFβ1 transgenic mice, it accelerated healing by promoting re-epithelializa-
tion and reducing inflammation. Molecular analyses revealed that Smad7 directly bound to the pro-
moter of Rac1 and transcriptionally upregulated Rac1 expression, resulting in accelerated ker-
atinocyte migration. In addition, Smad7 treated wounds have shown reduced staining of pSmad2
and NFκB p50, suggesting that Smad7 blocking of both TGFβ and NFκB signaling pathways is suf-
ficient to overcome chronic inflammation, thus improving the wound microenvironment for heal-
ing. Our study suggests that Tat-Smad7 could be developed into a novel therapeutic agent to treat
chronic inflammation-associated wounds by accelerating re-epithelialization and inhibiting inflam-
mation.
1468
IFC-CAF, extract from Cryptomphalus aspersa’s eggs significantly promotes skin homeostasis
and migration and survival of skin cells in vitro
M Matabuena,1 S Lucena,2 E Reyes,3,4 C Parrado,5 S Gonzalez6 and A Juarranz2 1 InnCells, Tres
Cantos, Spain, 2 Universidad Autónoma de Madrid, Tres Cantos, Spain, 3 Universidad de
Alcalá, Alcalá de Henares, Spain, 4 Industrial Farmaceutica Cantabria, Madrid, Spain, 5
Universidad de Malaga, Malaga, Spain and 6 Memorial Sloan-Kettering Cancer Center, New
York, NY
Regenerative properties of skin decrease with age and, thus, the search of substances that minimize
the cutaneous aging is increasing in the last few years. IFC-CAF is a patented natural extract that
bears regenerative properties when applied topically. Objectives: To study the in vitro effects of IFC-
CAF on skin homeostasis and cell migration, as well as on cell-cell and cell-substrate adhesion pro-
teins expression. Moreover, its effects on cell survival and MMPs regulation has also been explored.
Methods: We have used HaCaT cells and primary dermal fibroblasts (HF). To test cell proliferation,
the colorimetric MTT assay was performed. We also studied cell migration using wound-healing
assays complemented with MTT assays to avoid subjectivity in results quantification, whereas
Western Blot and immunofluorescence microscopy were carried out to test the expression of dif-
ferent cell adhesion proteins. ELISA and immunofluorescence were performed to determine
fibronectin, MMPs and Collagen 1. Results: We found that IFC-CAF clearly promotes proliferation
and migration of HaCaT cells in a time and dose-dependent manner facilitating tissue homeosta-
sis. Moreover, treatment with IFC-CAF increases the migratory behavior and the expression of
adhesion molecules in both HaCaT and HF. Finally, IFC-CAF also improves cell survival and pro-
motes phosphorylation of FAK and nuclear localization of β-catenin. Conclusion: IFC-CAF promotes
the epithelial tissue regeneration, resulting more effective for fibroblasts than for keratinocytes. The
dermal effect seems supported by significantly increasing collagen synthesis and fibronectin pro-
duction. Moreover, MMPs release is downregulated in both types of cutaneous cells. All these effects
suggest a potential clinical impact in skin rejuvenation and regeneration of wounded tissues.
1469
Development of a clinical grade suspension of allogeneic human dermal fibroblasts with
extended shelf life capable of intradermal delivery through small calibre needles
PD Kemp, J Lovelady, J Elwell, S Drinkwater and J Miall Intercytex Ltd, Manchester, United
Kingdom
Injectable autologous fibroblast preparations have a history of use and are approved in the US for
the treatment of nasolabial folds. We report on the development and testing required for allogeneic
dermal fibroblast cell banks and the development of an injectable cell suspension with an 11 day
shelf life at 2-8C. This material can be shipped internationally and has been used in a series of clin-
ical studies in the UK and US including a study for the treatment of Epidermolysis Bullosa that is
presented at this meeting. This presentation will outline the GMP and US/UK regulatory require-
ments to produce such cell therapies with particular emphasis on the UK situation.
1470
Engineered wound-dressing carriers with peripheral blood-derived angiogenic factor protein
mixtures: Therapeutic implications for peripheral ischaemic tissue
AT Bauer,1 E Hadjipanayi,1,2 B Salgin,3 B Fersch,4 U Hopfner,1 A Schlütter,4 M Ninkovic,2
HG Machens1 and AF Schilling1 1 Plastic Surgery, Klinikum Rechts der Isar, Munich, Germany,
2 Plastic Surgery, Klinikum Bogenhausen, Munich, Germany, 3 Paediatrics, Heinrich-Heine
University Düsseldorf, Düsseldorf, Germany and 4 Faculty of Physical Engineering, Munich
University of Applied Sciences, Munich, Germany
Spatiotemporally-controlled delivery of hypoxia-induced angiogenic factor mixtures has been iden-
tified by this group as a promising strategy for overcoming the limited ability of chronically ischaemic
tissues to generate adaptive angiogenesis. We previously developed an implantable, as well as an
injectable system for delivering fibroblast-produced factors in vivo. Here, we identify peripheral
blood cells (PBCs) as the ideal factor-providing candidates, due their autologous nature, ease of har-
vest and ample supply, and present a novel device for one-step harvesting and delivering PBC-
derived angiogenic factor protein mixtures. It was found that hypoxia (3% O2) significantly affected
the expression of a range of angiogenic factors including VEGF, Angiogenin and Thrombospondin-
1 relative to the normoxic baseline (p<0.05). VEGF expression was found to be dependent on cell-
scaffold material composition, with fibrin scaffold stimulating production the most, followed by col-
lagen and polystyrene. Cell-scaffold matrix stiffness was also an important factor, as shown by higher
VEGF protein levels when PBCs were cultured on stiff vs. compliant collagen hydrogel scaffolds
(p<0.05). PBC-produced factors could be harvested within cell-free gel carriers. While the levels of
VEGF released over 24hrs from collagen, fibrin and collagen/fibrin carriers were comparable, releas-
ates from collagen gels induced significantly higher endothelial cell tubule formation and mem-
brane invasion in an in vitro Matrigel assay. The device shown here provides an optimized micro-
environment for PBC factor production, together with a cell-free delivery system in the form of a
wound dressing. It could thus have important utility at the bed-side, as an angiogenic therapy in
wounds, burns and ulcers.
1471
Matrix metalloproteinases 1, 2, 13 and 14 are differentially expressed in keloid scars com-
pared to normal skin
Z Drymoussi, P Lemonas, S Myers, MP Philpott and H Navsaria Centre for Cutaneous Research,
BICMS, Queen Mary University of London, London, United Kingdom
Keloids are fibroproliferative scars that form in response to abnormal healing processes. There is evi-
dence that ECM remodelling of the dermis in the maturation phase of normal wound healing is insuf-
ficient in keloids. Our study aims to investigate the role of certain collagenases from the matrix
metalloproteinase (MMP) family, in keloid pathogenesis. Protein expression patterns for MMP1,
MMP2, MMP13, and MMP14 (also known as MT1-MMP) were examined in formalin fixed paraf-
fin embedded skin biopsies from both keloid affected patients and healthy volunteers (n=3). The
gene expression levels of the same targets were analysed in the same tissues through Real-Time
qPCR. MMP1 and 13 gene expressions are over 40-fold increased in keloid tissue, compared to nor-
mal tissue. MMP2 and 14 gene and protein expressions are at least 2-fold higher in keloid vs nor-
mal tissue. Immunohistochemistry for MMP2 and 14 show a very distinct pattern of protein expres-
sion, in which MMP2 and MMP14 appear to be expressed as a wave across the central, marginal,
and adjacent non-keloid regions of the scar. In the dermis, MMP2 and 14 are most evident at the
leading edge, whereas the epidermis reveals a strong but variable pattern along all regions. This is
in contrast to healthy skin, where expression in both epidermis and dermis is much lower overall,
and shows a more consistent pattern across the tissue. The striking heterogeneity of MMP expres-
sion patterns observed in this study, indicate a significant role for the epidermis in the maturation
of keloid scars. Additionally, it appears the leading edge of the keloid is the most active region.
1472
Mast cells are dispensable for granulation tissue formation during skin wound healing and do
not impact tissue fibrosis in mice
S Willenborg,1 B Eckes,1 J Brinckmann,2 T Krieg,1 K Hartmann,1 A Roers3 and SA Eming1 1
University of Cologne, Cologne, Germany, 2 University of Lübeck, Lübeck, Germany and 3
Dresden University of Technology, Dresden, Germany
Impaired wound healing, defective regeneration as well as fibrosis of diverse tissues are leading
causes of morbidity and mortality. Studies examining the role of altered mast cell (MC) function in
the pathology of defective tissue regeneration and fibrosis have obtained contradictory results,
most likely due to the use of different model systems. Therefore, conclusive evidence for the func-
tional impact of MC in tissue remodelling is still lacking. The aim of this study was to examine
whether wound healing defects or tissue fibrosis are due to dysregulated MC activity. To investigate
the consequences of MC depletion in murine skin with respect to the quality and kinetics of tissue
repair we developed a novel mouse model of Cre-inducible diphtheria toxin receptor-mediated
cell lineage ablation. In this mouse model Cre recombinase is expressed cell-type specific in MC
under control of the Mcpt5-promoter. Efficient systemic ablation of connective tissue MC is achieved
by repetitive intraperitoneal injections of diphtheria toxin. In response to mechanically-induced tis-
sue damage genetic ablation of MC did not impact the kinetics of reepithelialisation, the formation
of vascularized granulation tissue and the deposition of collagen in scar tissue. However, MC abla-
tion resulted in impaired wound contraction during the early phase of repair. The recruitment of
neutrophils but not macrophages during the inflammatory phase of repair was significantly attenu-
ated. In a model of bleomycin-induced skin fibrosis genetic ablation of MC failed to prevent the
development of skin fibrosis. Dermal thickness, the amount of deposited collagen and the forma-
tion of collagen crosslinks within fibrotic lesions were comparable in MC depleted and control mice.
Collectively, we conclude that MC activity has no impact on the formation of vascularized granu-
lation tissue during skin wound healing and that the absence of MC fails to prevent tissue fibrosis
in mice.
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Podoplanin enhances migration of keratinocytes by downregulation of E-cadherin
J Asai,1 S Hirakawa,2 J Sakabe,2 H Takenaka,1 N Nakamura,1 T Urano,3 Y Tokura2 and N Katoh1 1
Dermatology, Kyoto Prefectural University of Medicine, Graduate School of Medical Science,
Kyoto, Japan, 2 Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan
and 3 Physiology, Hamamatsu University School of Medicine, Hamamatsu, Japan
Podoplanin, a transmembrane protein, is a ligand for C-type lectin-like receptor 2 (CLEC-2) that is
predominantly expressed by platelets. We and others have previously found that podoplanin is
induced in epidermal keratinocytes during wound healing. However, it remains unclear whether
podoplanin plays a crucial role in promoting epidermal regeneration. To address this question, we
investigated the biological function of podoplanin in keratinocytes. We initially created full-thick-
ness wounds on the dorsal skin of wild-type mice, and assessed the induction of podoplanin at dif-
ferential time points. Immunofluorescence staining showed that podoplanin is markedly expressed
at the leading edge of regenerated epidermis three days after wounding. We next investigated the
expression levels of podoplanin in cultured normal human epidermal keratinocytes (NHEK).
Podoplanin was prominently expressed during proliferation. NHEK were then subjected to migra-
tion assay by interfering podoplanin at mRNA level. Podoplanin was found to contribute to enhanced
migration in cultured NHEK. Importantly, siRNA technique further revealed that the loss of podoplanin
strongly increased the expression levels of E-cadherin, indicating that podoplanin plays a key role
in promoting keratinocyte migration by decreasing cell adhesion molecules such as E-cadherin in
the epidermal keratinocytes. Finally, to elucidate the potential regulation of podoplanin by platelets,
cultured NHEK were incubated with platelets and subjected to the assessment of mRNA profiles.
In response to platelets, transcriptional levels of podoplanin were markedly decreased, whereas E-
cadherin mRNA levels were increased in cultured NHEK, leading to a reduced migration by NHEK.
These results indicate that the epidermal expression of podoplanin contributes to keratinocyte migra-
tion that is negatively regulated by platelets during wound healing.
1475
Eccrine sweat gland-derived keratinocytes rapidly express epidermal differentiation markers
during repair of human wounds
L Rittié, JS Orringer, DL Sachs, JJ Voorhees and GJ Fisher Department of Dermatology, University
of Michigan, Ann Arbor, MI
Eccrine sweat glands are skin appendages that are unique to humans and some primates. It was
recently shown that eccrine sweat glands are major contributors to reepithelialization of human
wounds. Specifically, loss of epidermis upon wounding stimulates formation of epithelial outgrowths
above each sweat gland duct. Outgrowths expand laterally and merge with each other to form the
new epidermis. Because eccrine sweat gland ducts do not express typical epidermal differentiation
markers, we sought to examine the spatial-temporal expression of proliferation and epidermal dif-
ferentiation markers in sweat gland-derived keratinocytes during reepithelialization of human wounds.
Partial thickness wounds were generated on human volunteers’ forearm skin, under local anesthe-
sia, by CO2 laser. Skin biopsies were taken daily during the first 7 days post-wounding and expres-
sion of proliferation (Ki67) and differentiation (involucrin, loricrin) markers was studied by immuno-
histochemistry. Our results show that very few eccrine gland cells are proliferative in unwounded
skin. Partial-thickness wounding triggers an intense proliferative response in sweat gland ducts under-
lying the wound within 2 days, followed by formation of epithelial outgrowths above each duct on
the third day. Parallel expression of proliferation and differentiation markers is readily observed in
new outgrowths, even at the earliest stage of outgrowth formation. Proliferative cells form the most
basal layers of epithelial outgrowths, whereas epidermal differentiation markers are expressed con-
comitantly in all other layers. Interestingly, corneocytes are present at the outgrowth stage, even
before reepithelialization is complete at day 8-9. Altogether, our data show that sweat gland-derived
keratinocytes acquire an epidermal phenotype after wounding, and that keratinocyte expansion and
differentiation occur concomitantly during repair of human wounds. These findings extend recent
observations of the regenerative potential of eccrine sweat glands in humans.
1477
Angiopoietin-like 4 improves diabetic wound healing
H Chong,1 C Choong,2 M Tang4 and N Tan1,3 1 School of Biological Sciences, Nanyang
Technological University, Singapore, Singapore, 2 School of Materials Science and
Engineering, Nanyang Technological University, Singapore, Singapore, 3 Institute of Molecular
and Cell Biology, A*STAR, Singapore, Singapore and 4 National Skin Centre, Singapore,
Singapore
Poor healing diabetic wounds are characterized by an accumulation of devitalized tissue,
increased/prolonged inflammation, poor wound-related angiogenesis and deficiencies in the extra-
cellular matrix components. They are prone for infections and effective therapies have been lack-
ing. Recent identified matricellular protein, Angiopoietin-like 4 (ANGPTL4), is up-regulated during
normal wound healing and has been implicated in angiogenesis and vascular permeability. ANGPTL4
can interact with specific matrix proteins preventing their degradation, and affects cell-matrix com-
munication by altering the availability of intact matrix proteins. ANGPTL4-null mice have delayed
wound re-epithelialization, reduced matrix proteins expression, increased inflammation and impaired
wound-related angiogenesis, which are characteristics of diabetic wounds. However, its expression
and role in diabetic wound repair remains unclear. Using in vivo leptin receptor-deficient diabetic
mouse model, we found that diabetic wound has altered expression of ANGPTL4 as compared to
normal wound (Day 3 post wounding ~2.0 folds, p<0.05). Furthermore, topical application of recom-
binant ANGPTL4 enhanced diabetic wound closure, re-epithelization, wound angiogenesis and tis-
sue granulation. Importantly, focused gene expression profiling revealed that treatment with ANGPTL4
can restore majority of the dysregulated temporal and expression levels of cytokines, growth fac-
tors and transcription factors observed in diabetic mice wounds. Our study suggested that replace-
ment of ANGPTL4 provide adjunctive or new therapeutics avenues in diabetes-associated compli-
cations, such as diabetic foot ulcers.
1476
Recipe for impaired wound healing: Cross-talk between adrenergic and toll-like receptors in
mesenchymal stem cells and keratinocytes
MR Dasu,1 SR Ramirez,1 TD La,1 T Peavey,1 F Gorouhi,1 JA Nolta,1 F Fierro1 and RR Isseroff1,2 1 U
C Davis, Sacramento, CA and 2 VA Medical Center, Mather, CA
Previous studies demonstrate that skin wounds generate epinephrine (EPI) that can activate local
adrenergic receptors (AR), impairing healing. Bacterially-derived activators of Toll-like receptors
(TLR) within the wound initiate inflammatory responses and can also impair healing. Here we exam-
ined the hypothesis that these two pathways cross-talk to one another, using EPI and macrophage
activating lipopeptide-2 (MALP2) to activate AR and TLR2 respectively, in bone marrow-derived
mesenchymal stem cells (BMSC) and neonatal keratinocytes (NHK). Human BMSC and NHK were
exposed to EPI [50nM] or the TLR2-specific ligand MALP2 [100ng/ml] for 4hrs and compared to
untreated controls. Activation of the AR by EPI significantly (P<0.05) increased TLR2 message (7-
fold in BMSC, 3.5-fold in NHK) and protein (2-fold), and expression of its downstream effector
MyD88 (4-fold). Conversely, activation of TLR2 by MALP2 increased β2-AR message (6-fold in BMSC,
2.7-fold in NHK) and protein (2.5-fold), and its downstream effector, phospho-β-AR activated kinase
(p-BARK, 2-fold), and induced release of EPI from both cell types (2-fold). When cells were treated
with EPI and MALP2 together, as they would encounter in the wound, β2-AR and p-BARK protein
expression both increased 6-fold. The combined activation of β2-AR and TLR2 impaired cell migra-
tion, resulting in a 21% inhibition in BMSC and 60% inhibition in NHK speeds (P<0.002). EPI and
MALP2 together resulted a 10 (for BMSC) and 51-fold (for NHK) increase in release of the pro-inflam-
matory IL-6 (P<0.001), responses that were remarkably reduced by pre-treatment with a β2-AR
antagonist. In vivo, EPI-stressed animals exhibited impaired healing, with elevated levels of TLR2,
MyD88 and IL6 in the wounds (P<0.05) relative to non-stressed controls. Thus, our data describe a
recipe for decreasing cell migration and exacerbating inflammation in a wound via novel cross-talk
between the adrenergic and toll-like receptor pathways in BMSC and NHK.
1474
The regulation of skin wound healing by MFG-E8
A Uchiyama,1 K Yamada,1 A Uehara,1 S Ogino,1 MC Udey,2 O Ishikawa1 and S Motegi1 1
Department of Dermatology, Gunma University Graduate School of Medicine, Maebashi,
Japan and 2 Dermatology Branch, Center for Cancer Research, National Cancer Institute,
NIH, Bethesda, MD
We recently demonstrated that pericytes are major sources of the secreted glycoprotein and inte-
grin-ligand MFG-E8 in B16 melanoma tumors, and that MFG-E8 promotes angiogenesis via enhanced
PDGF:PDGF receptor β signaling mediated by integrin-growth factor receptor cross talk. However,
functions of MFG-E8 in angiogenesis in cutaneous wound healing are not well characterized. The
objective of this study was to ascertain the role of MFG-E8 in cutaneous wound healing. First, we
examined the distribution of MFG-E8 in normal murine and human skin in vivo. In the dermis, accu-
mulations of MFG-E8 were found around CD31+ blood vessels, and MFG-E8 co-localized with
PDGFRβ+ pericytes. Next, we examined the role of MFG-E8 in a cutaneous wound healing mice
model. Protein and mRNA levels of MFG-E8 expression in the dermis was elevated during full-thick-
ness wound healing by immunofluorescence staining and real-time PCR. In addition, MFG-E8 local-
ized diffusely in granulation tissue, as well as around blood vessels in the dermis. Wound healing
was delayed in MFG-E8 KO mice compared with WT mice, and vessel numbers in wound areas
were reduced in MFG-E8 KO mice. Inhibition of MFG-E8 production by siRNA attenuated the for-
mation of capillary-like structure of mesenchymal stem cells and endothelial cells in vitro. Finally,
we examined expression of MFG-E8 in human granulation tissue. Expression of MFG-E8 in normal
granulation tissue that contained many blood vessels was higher than that in fibrous granulation tis-
sue with scant vessels. We conclude that MFG-E8 may promote cutaneous wound healing by reg-
ulating angiogenesis. Abnormality in MFG-E8 production or function may result in intractable wound
healing that cause considerable morbidity in patients with diabetic and decubitus ulcers.
1478
Topical controlled release of PPARβ/δ agonist from microparticles accelerates diabetic wound
healing
X Wang,1 S Foo,1 H Chong,1 W Lee,2 M Tang,3 S Chiba,4 K Ng,2 S Loo2 and N Tan1,5 1 School of
Biological Sciences, Nanyang Technological University, Singapore, Singapore, 2 School of
Materials Science and Engineering, Nanyang Technological University, Singapore, Singapore,
3 National Skin Centre, Singapore, Singapore, 4 Division of Chemistry and Biological
Chemistry, School of Physical and Mathematical Sciences, Nanyang Technological University,
Singapore, Singapore and 5 Institute of Molecular and Cell Biology, Singapore, Singapore
One of the most debilitating complications in diabetes is impaired wound healing. The diabetic
wound can become a portal for infections that can lead to dehiscence, sepsis and death. Hence,
understanding and elucidating the biology of wound repair and identifying novel pharmacological
targets in wound healing are of paramount importance to diabetic patients. Wound healing is a
high survival response to skin damage with four overlapping phases: homeostasis, inflammation,
proliferation and remodelling. Diabetic wounds fail to follow these phases and do not achieve
healing result. PPARβ/δ is a ligand-activated transcription factor that regulates gene expression for
many functions such as lipid metabolism, energy homeostasis and epidermal differentiation and
repair. However, the clinical impact of a PPARβ/δ agonist as a pharmacological agent for the treat-
ment of diabetic wounds has not been investigated. We showed that different release kinetics of
PPARβ/δ agonist encapsulated in single- or double-layered biopolymer microparticles have differ-
ent effect on the wound re-epithlialization rate of full-thickness excisional splint wounds of dia-
betic mice.
www.jidonline.org   S251
IID13_Abstracts-5  3/25/13  3:01 PM  Page S251
ABSTRACTS | Tissue Regeneration and Wound Healing
1479
A novel, simplified, non-cultured autologous cellular grafting procedure for chronic non-heal-
ing ulcers
AC Seghers, KB Goh and BY Tang National Skin Centre, Singapore, Singapore
Skin substitutes have been used as adjuvant therapy in chronic non-healing wounds. We investi-
gated a novel, simplified non-cultured, autologous cellular grafting procedure using a ‘6-well plate’
technique to treat chronic recalcitrant wounds. This was a prospective pilot study that involved har-
vesting an ultra-thin split skin graft from the patient’s gluteal region which was washed, separated
and prepared in 6 different wells to obtain an autologous mixture of keratinocytes, melanocytes
and fibroblasts that was subsequently applied directly to the wound via a hyaluronic acid matrix.
There were 9 patients (pts) with chronic recalcitrant ulcers of different etiology recruited between
Apr 2008 to May 2011 at the National Skin Centre, Singapore. A total of 16 ulcers were analysed
with an average size of 47cm2 (range 0.5-149.5, SD 39.6) and mean duration of 34 months (range
3-216, SD 68.5, median 12). Outcome evaluation was performed via digital photography, direct
tracing and quality of life assessment using the Cardiff Wound Impact Schedule (CWIS). At 3 months
after the 1st grafting, the mean re-epithelialisation was 57.9% (range 6.8-100, SD 35) with com-
plete healing in 2 pts, >50% re-epithelialisation in 3 pts, 25-50% re-epithelialisation in 2 pts and
<25% re-epithelialisation in 2 pts. 4 and 2 pts had repeat 2nd and 3rd grafting procedures done
respectively at 4 weekly intervals. At 3 months after the final graft, 4 pts had further re-epitheliali-
sation(average 49.9%, range 26.6-95.2, SD 30.8), 2 had worsening after initial improvement attrib-
utable to active underlying disease and poor adherence respectively, 1 was lost to follow-up and 2
remained completely healed. All pts showed improvement in all domains of the CWIS post-graft-
ing compared to pre-grafting. These results suggest that this simplified non –cultured autologous cel-
lular grafting may be beneficial for treating chronic ulcers that have failed standard therapy. Dis-
tinct advantages of this technique include ease of use in clinical practice, economical, short
preparation time and the ability to treat large wounds in a single procedure.
1480
Development of 3D scaffolds for the investigation of chronic wounds
DE Robinson,1 R Short,1 J Whittle,1 L Smith,1 D Steele,1 B Farrugia,3 R Dawson,3 T Dargaville,3
A Cowin,2 D Adams2 and D Lang2 1 Mawson Institute, University of South Australia, Adelaide,
SA, Australia, 2 3Women and Childrens Hospital, University of Adelaide, Adelaide, SA,
Australia and 3 Institute of health and biomedical innovation, Queensland University of
Technology, Brisbane, QLD, Australia
The development of a tissue engineered skin model is seen as an important step in the study of
chronic, non-healing wounds. Here we are seeking to develop such a tool utilising a synthetic extra-
cellular matrix (ECM) to support the 3D co-culture of skin cells. This model will support the devel-
opment of novel pharmaceutical and cellular therapies. Plasma polymerisation techniques were
used to modify surfaces to facilitate the binding of biomolecules identified as important in skin
remodelling/healing. 2D studies on plasma polymerised cell culture plates have shown that gly-
cosaminoglycans (GAGs) and basic fibroblast growth factor (FGF-2) bound to a surface, mimicking
their positioning in the ECM environment, can enhance proliferation of primary fibroblast cells.
With their activity on proliferation being enhanced compared to their addition to the media. FGF-
2 levels are increased in stages of wound healing to repair the dermal structure and this could be
utilised to infill 3D scaffolds for production of skin models. These modified surfaces are now being
recreated on polymer electrospun scaffolds made from polycaprolactone (PCL) to mimic a more
realistic ECM to support the co-culture of fibroblasts and keratinocytes. The plasma modified scaf-
folds were investigated using both XPS and ToF-SIMS with the results demonstrating a complete,
homogeneous coating throughout the 3D scaffold form both polymer film and then bound GAG to
which a number of important biomolecules such as FGF and VEGF can then be bound. The results
to date demonstrate that such a scaffold can be modified via plasma polymerisation to bind impor-
tant biomolecules. Studies to show these engineered scaffolds are non-toxic continue in parallel
with the co-culture of fibroblasts and keratinocytes toward the generation of dermal and epidermal
layers.
1481
Audible doppler signal versus ankle brachial pressure index in patients with leg ulcer
A Alavi, R Nabavizadeh, F Valaie and R Sibbald Medicine ( dematology), University of toron-
to, toronto, ON, Canada
Peripheral vascular disease (PAD) of lower extremity affects 12% of older general population. The
vascular assessment is required for all leg ulcers to confirm a good vascular flow for compression
therapy. The non-invasive vascular assessment tools include Ankle Brachial Pressure Index (ABPI),
toe pressure and full arterial segmental leg Doppler. About 80% of people with diabetes have non-
compressible arterial vessels and 20% of non-diabetics also have calcified vessels. These individu-
als have unreliable ABPI. There is a need for an alternative quick bedside assessment method at
point of care to support clinical findings. Methodology: We conducted a study on 200 consecutive
patients referred to wound care clinic. The results from a full segmental hand held arterial Doppler
(HHDU) compared to the results from audible signals (monophasic, biphasic, triphasic) done by
hand held doppler at bedside. Results: Triphasic and biphasic HHDU signals indicate ABPI of 0.9
or higher and monophasic signals indicate ABPI of lower than 0.9 in general population but in dia-
betic foot ulcer only monophasic signal indicates ABPI of less than 0.9. Audible doppler has high
sensitivity and subotimal specificity in detction of significant PAD if persons with diabetes are
included ( specificity 39% & sensitivity 64%). Conclusion: Audible Doppler signal sounds have a
high degree of accuracy for the detection or exclusion of PAD compared with the ABPI using the
cut off point of 0.9 ratio or lower. The emphasis in PAD detection should be directed toward encour-
aging a through physical examination along with audible doppler signals.
1482
MiR-29b as a potential therapeutic target of radiation-induced skin fibrosis
EB Olasz,1 NE Duncan,1 AM Schock,1 MC Ngongang,1 LN Seline,1 A Lopez,1 J Lazar,1 P Liu2 and
Z Lazarova1 1 Dermatology, Medical College of Wisconsin, Milwaukee, WI and 2 Physiology,
Medical College of Wisconsin, Milwaukee, WI
Excessive collagen deposition resulting in skin fibrosis is a leading cause of skin dysfunction at the
late stages of radiation-induced skin injury. MicroRNAs (miRNAs) are epigenetic regulators of gene
expression and have been implicated in regulation of cellular responses to ionizing radiation. The
aim of the present study was to identify differentially expressed miRNAs in irradiated rat skin using
high-throughput Illumina sequencing technology and to identify their post-transcriptional targets.
Adult male rats were irradiated (n=6) with a single dose of 30 Gy to the skin, sham-irradiated rats
(n=6) served as a control. Irradiation to the skin was limited to the full thickness of the skin only. At
48 hours or 30 days after irradiation, rats were euthanized and skin miRNA fractions were used to
generate cDNA libraries which were amplified through polymerase chain reaction (PCR). Deep
sequencing of miRNAs in skin resulted in approximately 1.5 gigabytes of data from each experi-
mental sample. TruSeq detected on average 206 known mature miRNAs per sample (ranging 184
to 224) and 192 novel miRNAs per sample (176 to 244). miR-29b was identified among the top dif-
ferentially expressed miRNAs. The significant miR-29b upregulation at 48 hours was followed by
its downregulation at 30 days post-irradiation. These results were confirmed by qRT-PCR. Compu-
tational predictions identified collagen 1A as potential target of miR-29b. Moreover, further evalu-
ation of collagen 1A mRNA and protein expression levels at later time points inversely correlated
with miR29b expression in irradiated skin. These data suggest that miR29b plays a role in the reg-
ulation of radiation-mediated skin fibrosis and might represent a potential therapeutic target for this
devastating condition.
1483
Novel synthesis and sctivity of solenopsin A and analogs, topical inhibitors of phosphoinosi-
tol-3 kinase/akt with ceramide-like properties
I Karlsson,1 MY Bonner,1 X Zhou,4 J Zhang,4 EB Watkins,5 JP Bowen6 and JL Arbiser1,2,3 1
Dermatology, Emory University School of Medicine, Atlanta, GA, 2 Dermatology, Atlanta
Veterans Administration Medical Center, Atlanta, GA, 3 Winship Cancer Institute, Atlanta, GA,
4 Pharmacology and Molecular Sciences, Hopkins University School of Medicine, Baltimore,
MD, 5 Union University School of Pharmacy, Jackson, TN and 6 of Pharmacy and Health
Sciences Mercer University, Atlanta, GA
Solenopsin A is a small molecule that is the principle alkaloid in fire ant venom (Solenopsis invicta).
We have previously demonstrated that solenopsin A is an inhibitor of phosphoinositol-3 kinase/Akt
signaling and angiogenesis (Blood 2007) and of Pseudomonas quorum signaling (J Infect Dis 2008).
Based upon the structural similarity of solenopsin A to ceramide, a lipid signaling molecule that also
inhibits Akt, we performed live-cell imaging experiments to monitor PDK1 activation, Akt mem-
brane recruitment, and Akt activity in 3T3 cells, utilizing FRET-based PDK1 activation reporter (PARE),
YFP-tagged PH domain of Akt, and FRET-based Akt activity reporter, AktAR. We observed that
solenopsin A demonstrated an inhibitory activity in all 3 assays, while an inactive solenopsin ana-
log S3 was inactive. We also devised a novel synthetic route to solenopsin, using industrially avail-
able compounds. 2,6-Dimethylpyridine was lithiated using n-butyllithiium, followed by addition
of alkyl halides or aldehydes. Solenopsin and solenopsin analogs were successfully obtained after
palladium-catalyzed hydrogenation of the various 2-alkyl-6-methylpyridines. The synthetic solenopsin
and novel analogs was also shown to downregulate constitutive Akt expression in A375 melanoma
cells. We have thus made solenopsin A and analogs amenable to large scale synthesis. Topical
solenopsin and analogs have potential for treatment of cutaneous neoplasms, through mechanisms
distinct from imiquimod and 5-fluorouracil.
1484
Collagen XVII ectodomain shedding alters keratinocyte proliferation and motility through
modulation of cell adhesiveness
J Jacków,1 S Löffek,1 A Schlosser,2 A Nyström,1 C Sitaru,1 K Tasanen,3 L Bruckner-Tuderman1 and
C Franzke1 1 Dept. of Dermatology, University Freiburg Medical Center, Freiburg, Germany, 2
Center of Systems Biology, University of Freiburg, Freiburg, Germany and 3 Dept. of
Dermatology, University of Oulu, Oulo, Finland
The hemidesmosomal component collagen XVII is crucial for the anchorage of the epidermis to the
basement membrane. We have previously demonstrated that the collagenous ectodomain of this
transmembrane protein is constitutively shed from the cell surface by disintegrin-metalloproteinases
(ADAMs). The physiological function of collagen XVII shedding is still unclear. To investigate this
we generated transgenic collagen XVII non-shedding mice (Col17ΔNS) by introducing a deletion
of 41 amino acids within the linker domain that contains the sheddase cleavage sites. Exclusive
expression of this mutant did not interfere with early skin architecture, epidermal differentiation or
formation of the basement membrane. To verify previously observed in vitro alterations in cell motil-
ity, standardized acute skin wounds were induced in the Col17ΔNS mice. Wound closure was sig-
nificantly accelerated in Col17ΔNS mice, with increased epithelial tongues and enhanced ker-
atinocyte proliferation, especially during early re-epithelialization. This cell autonomously driven
increase in proliferation and adhesion in primary Col17ΔNS keratinocytes was linked with decreased
directed migration and a flattened cell morphology. These changes were associated with enhanced
activation of the Akt/mTOR pathway. Pharmacologic inhibition of Akt/mTOR in vitro strongly sup-
pressed wound closure and proliferation of Col17ΔNS keratinocytes. Our studies provide in vivo
evidence for a novel regulatory function of collagen XVII in keratinocyte motility and proliferation
during re-epithelialization processes through shedding of its ectodomain and suggest that collagen
XVII functions as a cell-to-matrix-sensor which regulates cell polarity in response to changes in the
extracellular environment, e.g. during wound healing.
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A role for 11β-hydroxysteroid dehydrogenase type 1 in stress-induced wound healing impair-
ment
A Tiganescu, Y Uchida, PM Elias and WM Holleran Dermatology, UCSF, San Francisco, CA
Systemic/local glucocorticoid (GC) excess inhibits wound healing (WH) causing prolonged patient
discomfort and infection risk. Impaired WH also occurs under stress. Although the GC-activating
enzyme 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) regulates local GC availability in
tissues including liver, adipose, muscle and skin, its role during WH is unknown. Following ethical
approval, two 5mm full-thickness dorsal wounds (day 0; d0) were generated in female SKH1-HR
mice and collected at d2, d4 and d8. 11β-HSD1, cofactor-supplying hexose-6-phosphate dehy-
drogenase (H6PDH) and glucocorticoid receptor (GR) mRNA were analyzed by qPCR (n=8, nor-
malized to 18S rRNA). 11β-HSD1 and GR protein were analyzed by Western blot (n=6, normal-
ized to β-actin). Impaired WH was investigated under restraint stress (RS) involving daily 12h overnight
immobilization for 48h before wounding and during healing (tissue harvested on d0, d4 and d8).
11β-HSD1 protein increased in d2 wounds, decreasing at d4 (vs. unwounded skin) and was negli-
gible by d8; 11β-HSD1 mRNA increased 14-fold at d2, 4-fold at d4 (vs. unwounded, p<0.05) and
decreased to unwounded levels by d8. H6PDH mRNA also increased in d4 and d8 wounds (2-fold,
p<0.05). Interestingly, GR protein decreased by 50% and 70% in d2 and d4 wounds, respectively
(p<0.05). RS impaired wound closure by ~20% at d2 and d4 (n=12, p<0.01), effects that were nor-
malized by d8. 11β-HSD1 mRNA increased by ~50% in d4 RS wounds (vs. unstressed; n=4, p<0.05)
with a similar trend in unwounded RS skin and comparable increases in corresponding protein lev-
els. GR mRNA/protein were also elevated in unwounded RS skin (2-fold and 3-fold respectively,
p<0.05). H6PDH expression was unaffected by RS. These results reveal not only changes in 11β-
HSD1 levels during normal skin WH, but also increased 11β-HSD1 levels (as well as increased GR)
during stress-induced delay of WH, consistent with increased local GC availability/activity during
stress. 11β-HSD1 is a potential therapeutic target to accelerate WH and/or normalize impaired WH
during stress.
1487
Age-related phenotypic and functional alteration of primary dermal fibroblasts
C Brun,1 F Jean-Louis,1 T Oddos,2 A Bensussan1 and L Michel1 1 U976, INSERM, Paris, France
and 2 Johnson & Johnson Santé Beauté France, Val de Reuil, France
Fibroblasts are recruited at the lesion site during cutaneous wound healing where they proliferate,
differentiate into myofibroblasts under local cytokines and synthesize extracellular matrix. Defects
of skin wound healing are observed under aging as characterized by chronic wounds, ulcers or cuta-
neous fibrosis. The aim of our study was to characterize the senescence status of fibroblasts from
young (<45 years) and aged (>45 years) donors in order to identify molecular and functional alter-
ation related to age-induced senescence. Fibroblast cultures were established using skin from mam-
mary plastic surgery of young (n=10) and aged (n=10) donors. The senescent status was evaluated
by detection of senescence associated β-galactosidase (SA-βgal) activity as well as analysis of senes-
cence markers (p16, p21, p53) by quantitative PCR and western blot. A PCR array of 84 genes focus-
ing on senescence was used to identify variations in gene expression. Functional capacities were
assessed by contractile and migratory assays as well as fibroblast differentiation into myofibroblasts
under TGFβ. Our results confirmed the senescent status of fibroblasts from aged donors with
63.4±16% of SA-βgal-positive cells (vs 28.9±18% for “young” fibroblasts, p<0.001). P16, p21 and
p53 expression was correlated to SA-βgal activity and significantly increased with age, with a 65%
fold increase in p16 expression in aged donors as compared with their younger counterparts (p<0.01).
A loss of proliferative and contractile capacities as well as a loss of migratory potential under PDGF
stimulation was observed in “aged” fibroblasts. Activation of fibroblasts into myofibroblasts under
TGFβ decreased with donor age, as shown by lower expression of α-smooth muscle actin. In con-
clusion, the phenotypic and functional differences between fibroblasts from young and aged donors
may contribute to the alteration of wound healing process observed during cutaneous aging.
1489
Management of hand pressure sores
K Aliano,2 S Stavrides,2 B Mathews,2 G Teplitz1 and T Davenport2 1 Winthrop University
Hospital, Mineola, NY and 2 Long Island Plastic Surgical Group, Garden City, NY
Pressure sores most commonly occur on the sacum, heel, and ischium. However, an uncommon
location for such wounds is the palm of the hand. They typically occur in flexion contracures of the
hand on the setting of spasticity or chronic contractures. Here, we report two cases of palm pres-
sure wounds from hand contractures. Both patients’ wounds were full-thickness, with one wound
covering the palmar surfaces of the hands from the index to ring fingers. The second patient had a
fingertip wound at the paronychia. The fingers in that patient were inflexible and dressings could
not be applied secondary to the contractures. In the first patient, the contractures were the result of
finger pressure from spasticity resulting from cerebrovascular accident. After the failure of splinting
therapy, the patient was treated surgically by tendon release and splinting. All wounds healed com-
pletely with no recurrence. The second patient had finger wounds secondary to spasticity from a
closed head injury. Splinting alone was unsuccessful. This patient was healed with botulinum toxin
injections to the profunda and superficialis muscles. The hand spasticity improved and the finger
wounds healed spontaneously with splinting. Hand ulcers secondary to spasticity are often difficult
to treat. Botulinum toxin injections and surgery can be useful means of treating these wounds.
1488
Interleukin 6 promotes adult de novo hair follicle organogenesis through STAT3 phosphory-
lation
A Nelson, A Katseff, S Resnik and L Garza Dermatology, Johns Hopkins School of Medicine,
Baltimore, MD
Adult de novo organogenesis holds great promise in regenerative medicine. As a model system of
regeneration, we study Wound-Induced Hair follicle Neogenesis (WIHN), where embryogenesis is
recapitulated after full-thickness excisional wounding and de novo hair follicles are counted within
the healed wound. To identify causes of natural variation, we screened gene expression differences
between mice with high and low WIHN levels. Interleukin 6 (IL-6) was identified as prominently
upregulated in mice with increased WIHN. We hypothesized that IL-6 and subsequent STAT3
phosphorylation promotes WIHN. Both IL-6 and STAT3 phosphorylation are increased immediately
after wounding and in the reepithelialized keratinocytes. Levels of IL-6 mRNA (n=4; p<0.05) and
protein (n=3; p<0.05) positively correlated with regeneration ability among mouse strains. Exoge-
nous addition of recombinant IL-6 during wound healing significantly increased WIHN in C57BL/6J
mice (n=20; p<0.01). Paradoxically, WIHN is also significantly increased in IL-6 null mice, com-
pared to strain-matched (C57BL/6J) controls (n=45; p<0.01), highlighting the complexity associ-
ated with tissue regeneration. However, phosphorylation of STAT3, a downstream mediator of IL-6
signaling, is also significantly increased in IL-6 null mice versus controls (n=4; p=0.02), suggesting
that other IL-6 superfamily members that also activate STAT3 compensate for IL-6. Indeed, the IL-6
family member oncostatin M (OsM) is significantly increased (n=4, p<0.01) in IL-6 null mice com-
pared to strain-matched controls. Underscoring its importance, pharmacological inhibition of STAT3
phosphorylation inhibits WIHN in both wild-type (n=6-9; p=0.01) and IL-6 null mice (n=7-9; p=0.03).
In all, these findings demonstrate that IL-6 and STAT3 phosphorylation trigger hair follicle regener-
ation. These results suggest targets to promote de novo hair morphogenesis in human clinical trials
and also argue against generalizations about inflammatory mediators negatively impacting regen-
eration.
1486
The presence of dermal papilla cells in bio-engineered skin substitutes improves the wound
healing process in deep skin lesions in nude mice
GJ Leirós,1 AG Kusinsky,1 H Drago,2 S Bossi,2 F Sturla,2 L Castellanos,1 I Stella3 and ME Balañá1 1
Fundación Pablo Cassará, Instituto de Ciencia y Tecnología César Milstein CONICET, Buenos
Aires, Argentina, 2 Hospital de Quemados, Buenos Aires, Argentina and 3 CEBBAD
Universidad Maimónides, Buenos Aires, Argentina
The bio-engineered composite skin could be a useful tool to treat deep and extensive skin injuries.
We previously demonstrated that the presence of human Dermal Papilla Cells (DPC) in a compos-
ite skin with Hair Follicle Stem Cells (HFSC), using acellular porcine dermis (APD) as scaffold,
induced a regular and multi-layered stratified epidermis with a high number of basal p63-positive
cells and invaginations in vitro. When nude mice were grafted with these constructions, the pres-
ence of DPC favoured the epidermis survival after 14 days, probably due to an effective neovascu-
larisation of the matrix. An extensive remodelling of porcine dermis was also observed. In the pres-
ent work we compared the effect of DPC and human dermal fibroblasts (DF), as dermal component,
on tissue architecture and graft take of composite skin in nude mice. For that purpose we grafted
mice with APD alone, composite skin with HFSC and DF or HFSC and DPC. Mice grafted with com-
posite skin constructions containing DPC showed, 28 days after grafted, a more mature remodelled
dermis that indent the lower layer of the epidermis of the injured area, what it was not seen in skin
constructions containing DF. Same features were maintained 60 days after grafted but showing a
thinner epidermis. Moreover, the grafting of APD alone showed at the same time a strong contrac-
tion of the wound both at microscopic and macroscopic level, which was not seen in the presence
of any dermal cellular component. In brief, the use of DPC as dermal component, in composite
skin, contributed to an arranged stratified-epidermis with a high number of precursor cells and
invaginations in vitro. Moreover, the efficient graft-take and the mature remodelled dermis, similar
to normal skin structure, observed in presence of DPC, suggest that DPC and HFSC are promising
cellular components for a permanent skin substitute.
1490
Molecular mechanisms for epithelia to generate wound electric currents that promote wound
healing
B Reid,1 L Cao,1 L Ma,2 J Gao,1 J Zheng2 and M Zhao1,3 1 Dermatology, University of California,
Davis, Sacramento, CA, 2 Physiology and Membrane Biology, University of California, Davis,
Davis, CA and 3 Ophthalmology, University of California, Davis, Sacramento, CA
Wounds in skin naturally generate electric currents, which send powerful signals for epithelium to
heal. How the wound electric signals are generated remains largely unknown. Here we use cornea
as a model system to elucidate the ionic and molecular mechanisms of the wound electric cur-
rents. Using a systematic screen, electrophysiological techniques, and molecular approaches, we
identified an essential role for Cl- transport in the wound electric current and in healing. We first
used broad-spectrum Cl- channel blockers. Most of these blocked up to 50% of the cornea wound
current as measured soon after wounding. When we did timelapse experiments in the presence of
Ca2+-activated Cl- channel (CaCC) blockers, measuring the wound current at regular time intervals
after wounding, there was a dramatic reduction of wound current (>80%). Whole-cell patch clamp
recording showed that human corneal epithelial cells had a Ca2+-sensitive Cl- current which was
inhibited by ACA, a specific CaCC blocker. ACA also blocked wound healing, but did not inhibit
corneal epithelial cell (CEC) electrotaxis. ANO1 (a CaCC) expression was upregulated after wound-
ing, and ANO1 knockout mice had significantly reduced wound currents. In slow healing wound,
ANO1 appeared to be downregulated in the cornea. Modulating CEC internal Ca2+ also altered
the wound current. These data show that the cornea wound electric current is generated mainly by
upregulation and activity of CaCC, which is necessary for cornea healing. Those data also identify
a novel role for Ca2+ as in wound healing through wound electrical signal regulator. Key words:
wound healing, electrical signal, ion channels. This work is supported by NIH 1R01EY019101.
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Oligosaccharide modification by N-acetylglucosaminyltransferase-V promotes skin sclerosis
by inducing macrophages to shift toward M2
M Terao,1 M Yutani,1,2 A Kato,1,2 H Murota,1 E Miyoshi2 and I Katayama1 1 Dermatology, Osaka
University Graduate School of Medicine, Suita, Japan and 2 Molecular Biochemistry and
Clinical Investigation, Osaka University Graduate School of Medicine, Suita, Japan
Oligosaccharide modification by N-acetylglucosaminyltransferase-V (GnT-V), that catalyses the for-
mation of β1,6 GlcNAc (N-acetylglucosamine) branches on N-glycans, is reported to be associated
with various disease pathologies such as cancer metastasis, multiple sclerosis, and liver fibrosis. In
this study, we demonstrate the association of GnT-V with localized scleroderma. We found that GnT-
V was highly expressed in fibroblasts and infiltrating cells in the skin sections from localized scle-
roderma patients. Most of the GnT-V-expressing cells were CD68 and CD163 positive M2
macrophages. M2 macrophages are involved in resolution of inflammation and tissue repair, and it
is recently reported that the recruitment of M2 macrophage plays an important role in localized
scleroderma. To know the role of GnT-V in scleroderma, we used murine model of scleroderma
induced by bleomycin (BLM) injection. The expression of GnT-V was elevated in BLM-injected scle-
rotic skin. We next investigated skin sclerosis in GnT-V-deficient (GnT-V KO) mice. GnT-V KO mice
were resistant to BLM-induced skin sclerosis with reduced collagen type1A1 content. Moreover, the
number of M2 macrophages in BLM-induced skin sclerosis was significantly fewer in GnT-V KO
mice than in wild-type mice. Bone marrow-derived macrophages (BMDMs) from GnT-V KO mice
were resistant to M2 shift induced by IL-4 demonstrated by significantly decreased arginase 1, Fizz1,
and Ym1 expressions. Akt phosphorylation that is reported to play an important role in M2 shift was
also decreased in GnT-V KO BMDMs. Taken together, our results suggest that oligosaccharide mod-
ification by GnT-V on various cell surface proteins played an important role in skin sclerosis through
inhibiting M2 shift of macrophages.
1492
Effect of the peripheral nervous system on skin wound healing
J Chéret,1 C Le Gall-Ianotto,1,2 N Lebonvallet1 and M Laurent1,2 1 Laboratory of Neurosciences
of Brest, Brest, France and 2 Dermatology, CHRU Brest, Brest, France
Close interactions exist between primary afferent fibers of the peripheral nervous system (PNS) and
skin cells. The PNS may be involved in the modulation of different skin functions. In order to study
this influence on wound healing, we have co-cultured human skin explants that were mechani-
cally injured with cells from dorsal root ganglia (DRGs) with or without Nerve Growth Factor
(NGF) and evaluated different parameters. Thus, we studied the effects of the DRGs in the skin on
the cell proliferation (Ki-67 incorporation), on the evolution of the ratio between type I and III col-
lagens (immunohistochemistry), and on the activity of matrix metalloproteases 2 and 9 (MMP-2/-
9). ELISA assay was performed on culture supernatants to discriminate if calcitonin gene-related
peptide (CGRP) and Substance P (SP) were secreted by DRGs and/or human skin during wound
healing. The presence of DRGs with or without NGF increased fibroblasts proliferation and the
expression levels of type I and III collagens according to incubation times, particularly between the
3rd and 7th day of culture (proliferation phase) and continue after the 10th day of culture. This last
result was particularly interesting because collagen III is the first type of collagen synthetized after
injury, before its progressive replacement by collagen I. The presence of DRGs increased the activ-
ity of both MMPs (2 and 9) from the 3rd to the 7th day of culture. In conclusion, we have shown
that the presence of DRGs increased the secretion of both SP and CGRP for all times of culture.
Thus, the PNS, through the presence of DRGs, is able to promote skin wound healing.
1493
Superiority of hair follicle neogenesis in engineered human skin substitutes using early ker-
atinocyte cultures
R Thangapazham, P Klover, S Li, J Wang, L Sperling and T Darling Dermatology, Uniformed
Services University of the Health Sciences, Bethesda, MD
Information about the effect of long term in vitro expansion of dissociated cells on hair inducing
ability may lead to the development of clinically applicable bioengineered dermal-epidermal com-
posites that regenerate hair follicles (HF). Earlier studies showed that mouse cells lose trichogenic
capacity with passage, but studies on the effect of keratinocyte passage on human HF neogenesis
and quality has been hampered by the lack of a suitable model system. We recently attained de
novo formation of human HF in grafted dermal-epidermal composites comprised of adult human
dermal papilla cells and neonatal foreskin keratinocytes. Our goal in this study was to determine
the effect of keratinocyte passage on HF neogenesis. Dermal equivalents were made with cultured
dermal papilla cells and were overlaid with either primary (P0) or passaged keratinocytes to form
dermal-epidermal composites; these were then grafted onto immunodeficient mice. Grafts using
P0 keratinocytes (HFs formed in 6/6 mice) and passage 1 (P1) keratinocytes (HFs in 5/6 mice) had
HF densities of 0.94±0.44 and 0.82±0.55 follicles/mm of epidermis, respectively. Grafts using P3
keratinocytes had a significantly lower HF density (0.24±0.18 HF/mm, p<0.05; HFs in 5/7 mice)
than grafts using P0 keratinocytes. HF diameters using P0 keratinocytes (240±37 μm) were greater
than those observed in composites using P1 (144±26 μm) or P3 keratinocytes (106±22 μm) (p<0.02).
Superior HF neogenesis using early keratinocyte cultures may be the result of greater abundance
and/or responsiveness of progenitor cells with a capacity for HF formation. This model system has
the unique capability of examining the functional integrity and true regenerative capacity of bio-
engineered skin with hair follicles. This system can be used to further optimize autologous tissue
engineered skin substitutes for clinical applications.
1494
Effect of human skin explants on the neurite growth and electrophysiological profile of the
PC12 cell line
N Lebonvallet,1,3,5 J Pennec,2 C Le Gall-Ianotto,1 U Peirera,1 N Boulais,1 J Chéret,1 J Carré,1
C Jeanmaire,3 L Danoux,3 G Pauly3 and L Misery1,4 1 University of Brest, Faculty of Medicine
and Health Sciences, Laboratory of Neurosciences of Brest, EA4685, Brest, France., UBO,
Brest, France, 2 University of Brest, Faculty of Medicine and Health Sciences, EA4326, Brest,
France, UBO, Brest, France, 3 BASF Beauty Care Solutions, Pulnoy, France, BASF, Pulnoy,
France, 4 Brest University Hospital, Department of Dermatology, Brest, France, CHRU, Brest,
France and 5 Department of Biochemistry and Pharmaco-Toxicology, hôpital de la Cavale-
Blanche, CHRU, Brest, France
The skin is a densely innervated organ. After a traumatic injury, the nerve growth and the recovery
of sensitivity take a long time and are often incomplete. Growth factors play a crucial role in the
process of neuronal growth and reinnervation. To study the impact of the skin on nerve cells and
nerve fiber growth, we have developed an in vitro model of human skin explants co-cultured with
PC12 cells (rat pheochromocytoma cell line differentiated in neuron) in presence of nerve growth
factor (NGF). The neurites outgrowth of PC12 was measured after 2, 4, 6 and 8 days of culture. The
neuritis length of differentiated PC12 cells co-cultured with skin explants increased after six days.
At day 6 and 8, the length of the neurites in the presence of the skin explant was significantly increased
(p<0.01) by factor of 1.79- and 2.01-fold, respectively, when compared with PC12 cultivated with-
out skin explant. At day 10, we have observed that PC12 cells released neuropeptides such as SP
and CRGP. Furthermore profile for sodium, potassium and calcium channels were observed for the
PC12 cells by electrophysiological method using patch clamp. In addition, the TRPV1 channel of
these cells was stimulated by capsaicin. These observations demonstrated the influence of trophic
factors produced by the skin explant on growth of PC12 cells and the possibility of functional co-
culture.
1495
The use of acellular dermal matrix and skin grafting in the treatment of heel pressure sores
K Aliano, S Stavrides, B Mathews and T Davenport Long Island Plastic Surgical Group, Garden
City, NY
The heel is the second-most common site for pressure wound development and has a high preva-
lence in both acute and long-term care facilities. Moreover, they can be difficult to prevent and treat,
especially in patients who are elderly, malnourished, or have underlying medical conditions such
as diabetes and peripheral vascular disease. In many circumstances, these wounds are extensively
debrided or the patient ultimately undergoes partial calcanectomy and other amputations, thereby
severely limiting the patient’s ambulation and overall level of functioning. Here, we present a series
of two patients whose calcaneal pressure ulcers were treated with the regimen of acellular dermal
matrix and split-thickness skin grafting. One patient was a middle-aged male with a foot drop who
was non-compliant with his foot brace. In consequence, he developed a mid-plantar wound. The
other was an elderly female who developed a posterior heel wound. Both patients were taken to
the operating room where acellular dermal matrix was applied directly to their wound beds after
debridement. After two weeks, an autologous split-thickness skin graft was then applied to the neo-
dermal bed. The patients tolerated the procedure well and there were no complications. In the
post-operative months, the wounds of all patients healed completely, and the patients had excel-
lent functional outcomes with a return to ambulation. Although further research with larger sample
sizes is needed, based upon our experience, we feel that the combination of Integra and split-thick-
ness skin grafting is a beneficial means of surgically treating heel pressure sores and preventing cal-
caneal osteomyelitis.
1496
The correlation between ultrasound findings and clinical assessment of pressure related ulcers:
Is the extent of injury greater than what is predicted?
K Aliano,2 C Low,2 S Stavrides,2 J Luchs1 and T Davenport2 1 Radiology, Winthrop University
Hospital, Mineola, NY and 2 Long Island Plastic Surgical Group, Garden City, NY
The current staging system by the National Pressure Ulcer Advisory Panel (NPUAP) classifies the
stages of pressure ulcers based on clinical assessment and visual inspection. We postulate that
patients presenting with clinically superficial stage I wounds will have a greater depth of injury
than predicted. On admission, patients with sacral pressure ulcers were staged according to the
NPUAP classification system. Patients who were classified as having a stage I or II pressure wounds
or suspected deep tissue injury were assessed with high-frequency (12-MHZ) ultrasonography (US)
to identify any evidence of injury to the deep tissue. Those patients classified as having stage III or
IV were excluded from the study. The study included 17 patients undergoing US for pressure related
ulcers of the sacrum; 9 patients with Stage I pressure ulcers and 8 patients classified as having sus-
pected deep tissue injury. In all 9 patients with clinically superficial stage I wounds, the US demon-
strated evidence of injury to the deeper tissue layers. For the 8 patients classified as suspected deep
tissue injury, the US also revealed abnormal findings representing deep tissue injury. The abnormal
sonographic signs indicating deep tissue injury included loss of epidermal dermal interface, dis-
ruption of facial planes, and hypoechogenicity of the subcutaneous layers. The current staging sys-
tem by the NPUAP has expanded to include suspected deep tissue injury as an additional stage. In
patients with suspected deep tissue injury, we have found US to be a reliable diagnostic tool that
confirms the clinical suspicion of deep tissue injury. Interestingly, for the stage I pressure ulcers that
appeared clinically superficial, the US revealed evidence of associated deep tissue injury. This sug-
gests that pressure wounds classified as superficial may have a deeper tissue damage component.
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The microbiota colonizing diabetic foot ulcers is associated with glycemic control, ulcer
depth, and duration
SE Gardner,1 SL Hillis,2 K Heilmann2 and EA Grice3 1 College of Nursing, University of Iowa,
Iowa City, IA, 2 Carver College of Medicine, University of Iowa, Iowa City, IA and 3
Department of Dermatology, University of Pennsylvania, Philadelphia, PA
Microbial colonization and/or infection are believed to underlie delayed healing in recalcitrant
wounds, including diabetic foot ulcers (DFUs). However, little is known of those clinical factors that
may influence the wound environment and thus various dimensions of the colonizing microbiota.
We profiled the microbiota colonizing neuropathic, non-ischemic DFUs in 52 individuals by deep
sequencing of the bacterial-specific 16S ribosomal RNA gene. Quantitative cultures, the standard
of care in the clinic, vastly underrepresented DFU microbial load and diversity. DFUs partitioned
into three clusters differentiated by microbial diversity and composition. We identified several clin-
ical factors associated with features of the DFU microbiome including glycemic control, ulcer depth,
and ulcer duration. Hemoglobin A1c (HgbA1c) value, a measure of glycemic control, significantly
associated with DFU cluster (P=0.037), with highest HgbA1c levels partitioning to a Streptococ-
cus- and Staphylococcus-rich cluster. Ulcer depth was positively correlated with relative abundance
of anaerobic bacteria (ρ=0.33, P=0.018), but negatively correlated with relative abundance of Staphy-
lococcus (ρ=-0.47, P=0.0005). Greater number of bacterial species and high relative abundance of
Gram negative bacteria were positively correlated with ulcer duration (ρ=0.38, P=0.006 and ρ=0.41,
P=0.002, respectively). This work provides the first evidence that microbiota colonizing DFUs is
associated with clinical factors and provides a foundation for prospective studies aimed at delin-
eating problematic microbiota from benign colonization that can then be used to guide clinical
treatment.
1499
TAp63α promotes the transition of hair follicle stem cells to interfollicular keratinocytes
D Dai, AJ Huebner, RA Long and DR Roop University of Colorado Anschutz Medical Campus,
Aurora, CO
p63 is an essential transcription factor expressed as isoforms that either contain (TA) or lack (ΔN) a
transactivation domain. The ΔNp63 isoforms are constitutively expressed in the basal layer of the
murine epidermis, and have been shown to orchestrate the stratification and differentiation of sim-
ple epithelia to stratified epithelia. This contrasts with the TAp63 isoforms, which are not required
for epidermal development, but are instead induced upon wounding. Additionally, TAp63-null mice
have a marked delay in epidermal wound healing. In order to understand the role of TAp63 during
the wound response, we have generated an inducible mouse model that expresses the TAp63α iso-
form in the epidermis when crossed to a K5 activator and treated with doxycycline. Unexpectedly,
continual treatment with doxycycline from birth resulted in the failure of TAp63α-expressing mice
to develop a coat of hair. Histological analyses of TAp63α-expressing skin revealed a progressive
transformation of hair follicles into cyst-like structures within the dermal compartment. Due to the
dramatic hair phenotype in the TAp63α-expressing mice, we next examined hair follicle differen-
tiation via immunofluorescence using the hair follicle markers AE13 and K75 and found that the
remaining abnormal follicles were fully differentiated despite their hair shafts never protruding
through the epidermis. To determine if the ectopic expression of TAp63α had an effect on the inter-
follicular epidermis, we examined the differentiation markers K1 and loricrin via immunofluores-
cence and found no differences between treated and untreated mice. Surprisingly however, we did
find that both of these markers were ectopically expressed in the follicular cysts, suggesting a trans-
differentiation of follicular keratinocyte stem cells into interfollicular epidermal keratinocytes. In
conclusion, our data suggest that TAp63α alters the cell fate of hair follicle keratinocytes, and pro-
vide a mechanism by which hair follicle stem cells convert to interfollicular keratinocytes to accel-
erate wound healing.
1501
Different expression of tight junction proteins in chronic compared to normal wounds – impli-
cation on proliferation, differentiation and migration
T Volksdorf,1 J Lentfer,1 N Kirschner,1 C Bohner,1 M Zorn-Kruppa,1 S Sehner,2 I Moll1 and
J Brandner1 1 Department of Dermatology and Venerology, University Hospital Hamburg-
Eppendorf, Hamburg, Germany and 2 Department of Medical Biometry and Epidemiology,
University Hospital Hamburg-Eppendorf, Hamburg, Germany
Tight junction (TJ) proteins are well known for their important role in barrier formation, but have
also been linked to proliferation and differentiation. As these processes are essential for normal
wound healing, we investigated the TJ proteins Occludin, ZO-1 and Claudin-1 in normal wounds
using a porcine ex-vivo wound healing model as well as in tissue samples of human chronic wounds
by immunostaining. Since chronic wounds feature increased levels of IL-1β and TNF-α we also
investigated the influence of these cytokines on wound healing and TJ protein localization. In addi-
tion, we investigated the effect of knock-down of TJ proteins by siRNA in BrdU-, scratch wound-,
adhesion-, differentiation- and cytokine release-assays. Immunohistological analysis revealed dif-
ferences in the localization of all three TJ proteins between normal healing wounds and chronic
wounds, with the latter ones often showing an at least partial loss of the investigated proteins.
Cytokine application led to impaired wound healing and altered the localization of the TJ proteins
but mimicked only partly the loss of the proteins. Downregulation of Occludin in primary human
keratinocytes resulted in increased wound healing in scratch assays without changes in prolifera-
tion, thus likely affecting migration. In addition, it reduced cell-cell and cell-matrix adhesion and
alters differentiation. ZO-1 had only a slight impact on cell scratch healing and no influence on pro-
liferation, but affected cytokine release. Cldn-1 is also involved in differentiation. In conclusion, our
results show different expression and localization of TJ proteins in normal and chronic wounds and
that elevated levels of IL-1β and TNF-α are only partly responsible for these alterations. Further, we
demonstrate that TJ proteins contribute to cellular characteristics important for wound healing.
1500
Challenges of tamoxifen and 4-OH-tamoxifen induction in the skin of transgenic K1.CreERT2
adult mice
ML Usui,1 JE Olerud,1 P Fleckman,1 DR Roop2 and PJ Koch2 1 Medicine/Dermatology,
University of Washington, Seattle, WA and 2 Dermatology, University of Colorado, Denver,
CO
Conditional control of gene expression using tamoxifen induction of effector transgenes in mice
has been a successful strategy to analyze biological processes, particularly in embryonic and new-
born mice. We did not, however, anticipate the difficulty in applying this methodology to create a
suprabasal keratinocyte (KC) lineage marker for wound healing studies in adult mice. Tamoxifen
inducible transgenic mice with a keratin 1 (K1) promoter (K1.CreERT2) were crossed with either
enhanced yellow fluorescent protein reporter mice (Rosa26EYFP/EYFP) or beta-galactosidase (βgal)
reporter mice (Rosa26R LacZ). Crossing K1.CreERT2 mice with Rosa26EYFP/EYFP mice allows live
animal imaging to visualize efficacy of induction, however, these mice were poor breeders and new-
born pups were either cannibalized or abandoned by their mother. We then crossed K1.CreERT2
mice with Rosa26R LacZ reporter mice, since previous studies showed that tamoxifen successfully
induced βgal expression in K1 KC in the skin of embryonic and newborn pups. Following induc-
tion doses (0.1-1.0 mg/5 days) of either topical 4-OH tamoxifen or i.p. tamoxifen, whole mount
staining for βgal activity in the adult K1.CreERT2/Rosa26 LacZ positive mice was patchy and sparse.
Commercially available βgal antibodies, which had not been affinity-purified, yielded artificial stain-
ing in the epidermis, most likely due to contamination with keratin antibodies. Additional strate-
gies to maximize the likelihood of identifying the βgal positive K1 KC population in adult K1.CreERT2
mice include increasing tamoxifen concentration towards LD50 doses, identifying alternative βgal
detection methods, βgal antibody purification or crossing the K1.CreERT2 mice with a different
reporter transgenic mouse. Animal age may be a limiting factor in creating a suprabasal KC lineage
model for wound healing studies.
1498
Bacterial challenge study in porous polyHEMA implants
G Zhao,1 ML Usui,1 AJ Marshall,2 M Maginness,2 JE Olerud1 and P Fleckman1 1
Medicine/Dermatology, University of Washington, Seattle, WA and 2 Healionics Inc., Seattle,
WA
Percutaneous devices are critical for medical care, but are associated with significant risk of infec-
tion. In previous studies, we developed an animal model in which we showed cutaneous ingrowth
in percutaneous implants of porous poly(2-hydroxyethyl methacrylate) (polyHEMA) cylindrical rods
with uniform pore size. Implants survived several months without evidence of infection. When
implanted rods were challenged with 107 colony forming units (CFU) Staphylococcus aureus imme-
diately after implantation, the challenge site was infected and bacteria migrated through the implant.
Our goal in this study was to determine whether allowing the skin to integrate with the biomater-
ial prior to bacterial challenge would prevent peri-implant infection. Porous polyHEMA rods were
implanted percutaneously in the backs of C57BL/6 mice. The skin was allowed to integrate for seven
days into the porous percutaneous device, at which time the entrance insertion sites were chal-
lenged with 107 CFU S. aureus biofilm grown for 24 hours. Implants were harvested seven days after
bacterial challenge and evaluated morphologically and by bacterial counts. Neither scab nor inflam-
mation was seen at the challenge site. CFUs were calculated for the skin surrounding the implants
and segments along the rod from challenge sites to the unchallenged exit sites. CFU counts for the
unchallenged skin were 103, challenged entry sites were 105, and the middle region of the implants
102. These results suggest allowing skin cells integrate with percutaneous porous implants in a ster-
ile environment before challenging the insertion site with bacteria may limit bacteria to the chal-
lenge site and reduce bacterial infection of the implant. Current studies in which skin is allowed to
integrate with the implants for both shorter and longer times prior to bacterial-challenge are being
conducted to evaluate infection rate. These studies will use rods made of porous and solid silicone,
a biomaterial more commonly used for medical devices.
1502
Application of light emitting diode and celecoxib (Cox-2 inhibitor) for the management of
wounds
S Thng,2 J Lu,1 S Moochala1 and M Kumar1 1 Human Science Research, Defence Science
Organization, Singapore, Singapore and 2 Medical, National Skin Centre, Singapore,
Singapore
Background: Wound management, especially management of chronic wounds, have always been
a challenge for clinicians. Many factors come into play in order for wounds to heal properly and
timely. These factors include control of infection, inflammation, stimulation of keratinocytes and
fibroblast growth as well as adequacy of wound vascular bed. Of late, LEDs has been shown to
upregulate keratinocyte proliferation in cell culture studies through upregulation of growth factors.
Objective: Our study aims to evaluate the efficacy of Light-Emitting Diodes (LEDs) combined with
topical COX-2 inhibitor in the management of wounds, using burn wound as a model. Methodol-
ogy: We used a pig model of partial thickness burn injury and studied efficacy of various treatment
modalities by a) wound contraction, b) Laser Doppler imaging, c) histology, and d) immunohisto-
chemistry for Ki-67, proliferating cell nuclear antigen, and laminin. The various treatment modali-
ties studied include LED monotherapy, Celecoxib monotherapy, LED + Celecoxib, Silverlon burn
dressing and control group. Results: Our findings show that LED + Celecoxib combined treatment
is very effective and achieved the best wound healing profile among all treatment groups. The
improvement of wound healing is significantly better when compared to control as well as with the
other treatment groups. Even when used alone, LED treatment of burn wounds showed good heal-
ing when compared to control. Conclusion: Our results suggest that treatment of burn wounds with
LED in combination with topical celecoxib significantly improves wound healing. This combina-
tion showed potential to be used as a novel therapeutic intervention for the management of wounds,
thus possibly opening up new avenues for the management of difficult wounds.
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Development of a pragmatic novel assay for studying pathological wound healing of human
skin in vitro
H Post,1 G Zhang,1 C Rose1 and R Paus1,2 1 Dermatology, university of Lübeck, Lübeck,
Germany and 2 Inflammation and repair, university of manchester, Manchester, United
Kingdom
The current “ulcer epidemic” warrants the development of clinically relevant preclinical screening
tools for testing candidate wound healing promoters. Yet, commonly employed human in vitro-
assays fail to reproduce the pathological wound healing milieu that underlies chronic skin ulcers.
Here we have asked whether normal human skin can be rapidly transformed into a state that mim-
ics key aspects of chronic ulcer pathobiology. Full-thickness human skin was wounded by prepar-
ing a 4 mm punch biopsy and was organ-cultured for 3 days in insulin- and hydrocortisone-sup-
plemented William’s E. medium(control) under denervated, non-perfused conditions in the absence
of established endogenous wound healing promoters (e.g. serum, estrogen, thyroxine). In test sam-
ples, pathological (“pseudodiabetic”) wound healing conditions were impaired by hypoxia (5% oxy-
gen), withdrawal of insulin, by the addition of high concentrations of glucose to the medium and
repetitive hydrogenperoxide administration to create a ROS-enriched tissue milieu. Compared to
controls, reepithelization of test samples was significantly retarded or even abrogated by day 3,
along with greatly reduced epidermal proliferation and increased apoptosis (Ki-67/TUNEL quanti-
tative immunohistomorphometry), down-regulation of wound healing-associated cytokeratin 6
and upregulation of dyskeratotic epidermal keratinocytes. Other morphological indicators of tissue
damage and LDH release into the culture medium were also significantly increased in test com-
pared to control skin. Thus, human skin can be rapidly transformed in vitro into a pathological,
“pseudodiabetic” state that mimics key ulcer characteristics and substantially retards wound heal-
ing. We propose that test agents which promote human skin wound healing in this ulcer milieu-
imitating preclinical assay are more likely to also promote human ulcer healing in vivo than can-
didate wound healing promoters identified with conventional in vitro assay.
1504
Fabrication and characterization of epithelial and mesenchymal scaffolds for engineering hair
regeneration
J Oh,1,2 J Lim2 and M Kim1 1 Immunology, Kyungpook National University School of Medicine,
Daegu, Republic of Korea and 2 Biomedical Science, Kyungpook National University
Biomedical Research Institute, Daegu, Republic of Korea
The field of hair follicle regeneration is advancing rapidly, and there have been a number of major
achievements over the last decade. Nonetheless, most current technologies are still unable to
maintain its in-vivo characteristic in-vitro on the field of hair biology. The creation of new hair fol-
licles for the treatment of alopecia using tissue engineering is promising however never tried before.
To recover and enhance the competent hair inducing ability of epithelial and mesenchymal cells,
we tried three-dimensional scaffolds for making functionally working epithelial structure for human
and mouse hair regeneration study. The bladder-sub mucosal sponge (BSM hybrid sponge) shows
the intrinsic activation of melanocyte once we insert inductive dermal papilla sphere. It could be
applicable to the study of epithelial mesenchymal signaling pathway. We found that the Fiber sheet
with Keratin enhance twice the cell spreading and adhesive property compared with other supple-
ments such as Hyaluronic acid. The human outer root sheath keratinocytes did make cluster onto
the mouse newborn epithelial skin scaffold (NESS) However the distribution is uneven due to the
physical damage during preparation. This study speculated the possibility of using scaffold for hair
regeneration study as point of epithelial cells. The present findings could be relevant model for
epithelial and mesenchymal cells to advance our understanding of the hair regeneration and cure
for hair loss.
1505
Ologen® collagen matrix: A new dermal scaffold for skin tissue engineering
S Commandeur,1,2 SJ Sparks,1 L van Zijl,1 MH Rietveld,2 HJ Lai,1 CC Lin3 and A El Ghalbzouri2 1
Aeon Astron Europe BV, Leiden, Netherlands, 2 Leiden University Medical Center, Leiden,
Netherlands and 3 Body Organ Biomedical Corporation, Taipei, Taiwan
Acute and chronic human skin wounds have a large impact on patient’s quality of life as well as on
the global cost of health care. This problem is expected to further increase with ageing of the
human population, illustrating the urgent need for novel chronic wound treatment strategies such
as tissue engineered skin. Various epidermal, dermal and bilayered products are currently available
for skin wound healing purposes, either cellular or acellular. In this study we investigated for the
first time the suitability of the biodegradable porous collagen-glycosaminoglycan (C-GAG) ologen®
Collagen Matrix (ologen® CM) for full thickness skin tissue engineering purposes. We generated
ologen® CM-based human skin equivalents (HSEs) by seeding ologen® CM with dermal human
fibroblasts and epidermal human keratinocytes. Static and centrifugal seeding approaches were
compared. Primary human skin cells successfully attached to the ologen® CM and resulting HSEs
showed healthy and intact human skin morphology, proliferation, differentiation and basement mem-
brane formation. This was shown by normal presence of proliferation marker Ki67, early and late
differentiation markers keratin 10 and involucrin in the epidermis and basement membrane com-
ponents collagen type IV and laminin 332 at the dermal-epidermal junction of ologen® CM-based
HSEs. In conclusion, the C-GAG content of ologen® CM combined with centrifugal seeding of
human dermal fibroblasts provides a functional dermal substitute closely representing native human
dermis. This opens opportunities for successful applications in full thickness human skin tissue engi-
neering.
1506
Wound healing mouse model without contraction to study epidermal migration and mecha-
nisms of action
V Falanga,1,2,3 P Carson,2 D Fiore,2 X Lin1,2 and T Yufit2 1 Dermatology, Boston University,
Boston, MA, 2 Biochemistry, Boston University, Boston, MA and 3 Dermatology, Roger
Williams Medical Center, Providence, RI
We have developed a tail wound mouse model that is unique. Among the advantages of this model
are: a) its simplicity and speed of wounding on the dorsal aspect of the tail, down to fascia; b) the
absence of contraction and thus ability to focus on epithelialization; c) delayed healing requiring
up to 21 days versus 7-8 days in traditional dorsal back contraction-dependent wounds; d) the abil-
ity to observe the wound at all times, without having to shave the hair, including with the use of
live photography and the use of an IVIS system; and e) the ability to use the model in any strain of
mice, including beige SCID and knock-outs. At designated experimental times, the tail wound
healing is determined histologically, the extent of epithelialization is measured microscopically, and
special stains and immunostaining are accomplished to measure healing parameters, molecular
studies, and differentiation of resident cells and stem cell types. In this report, we show and con-
firm the validity and extreme usefulness of this model. We show that acceleration of healing takes
place with both autologous and human (using beige SCID strains) bone marrow-derived mesenchymal
stem cells (MSCs) and pluripotent very small embryonic-like stem cells (VSELs). The VSELs, derived
from bone marrow, are extremely effective, and differentiate into endothelial and other cell types
critical to wound healing. Moreover, unlike human embryonic stem cells, VSELs do not lead to the
development of teratomas in standard in vivo assays. The number of stem cells required for achiev-
ing wound closure favors VSELs (400/wound; p<0.01) vs. MSCs (500,000/wound; p<0.04). In sum-
mary, this easy to perform mouse wound healing model appears to be ideal for studying epithe-
lialization, molecular markers, differentiation of multipotent and novel pluripotent stem cells, and
other mechanisms of action.
1507
C7 plays a dual role in skin wound healing
A Nyström,1 D Velati,1 VR Mittapalli,1 A Fritsch,1 JS Kern1 and L Bruckner-Tuderman1,2 1
Dermatology, University Medical Center Freiburg, Freiburg, Germany and 2 Freiburg Institute
for Advanced Studies, School of Life Sciences - LifeNet, Freiburg, Germany
Recessive dystrophic epidermolysis bullosa (RDEB) is a heterogeneous skin fragility disorder caused
by mutations in the COL7A1 gene encoding collagen VII (C7), a protein required for secure attach-
ment of the epidermis to the dermis. Patients suffer from a constant wound burden with repetitive
wounding of exposed areas and formation of chronic wounds. Although clinical observations sug-
gest that wound closure is impaired in RDEB, limited knowledge exists of C7 function in skin wound
healing. Here we employed two different genetic RDEB mouse models to investigate the role of C7,
and report that C7 is instrumental for closure of skin wounds by two interconnected mechanisms.
First, C7 is vital for re-epithelialization through organization of its ligand, epidermal laminin-332.
Loss of C7 perturbs the organization of laminin-332 at the dermal-epidermal junction zone during
wound healing, which, in turn, abrogates strictly polarized expression of integrin α6β4 in basal
keratinocytes and has a profound effect on the laminin-332 - integrin α6β4 signaling axis guiding
keratinocyte migration. Second, C7 is directly involved in granulation tissue formation and dermal
fibroblast functions during wound closure by supporting fibroblast migration and regulating their
cytokine production. Importantly, our findings derived from the mouse models were validated in
human wounds. Together, these observations reveal C7 as a key linker between epidermal and der-
mal wound healing and will help develop therapeutic strategies not only for RDEB but also for
other chronic non-healing wounds.
1508
Cx31.1 is associated with apoptosis of scrape-wounded HaCaTs in diabetic conditions
CS Wright, I Robertson, N Elgaseai and PE Martin Diabetes Research Group, Life Sciences,
Glasgow Caledonian University, Glasgow, United Kingdom
Modulating connexin43 (Cx43) mediated communication via gap junctions and/or hemichannels
increases the wound-healing capacity of skin models in simulated normal and diabetic conditions.
Cx31.1 expression is associated with apoptosis in eye and ovary. This study investigated whether
Cx31.1 expression was altered in HaCaT scrape-wounded monolayers cultured in normal (NGI)
and high glucose and insulin (HGI) and if this was associated with apoptosis. HaCaT cells were
treated for 5 days with normal or high glucose (5.5 or 25 mM) and insulin (1 or 10 nM). 600 μm
scrape-wounds were introduced and cell movement into the denuded area monitored over 48 h.
Cx31.1 expression was determined by immunocytochemistry. Conditioned media was assessed for
caspase 3/7 activity, with cells exposure to UV 18 h before caspase measurement (positive control).
MTT assay measured cell viability. Cx31.1 expression was increased in HGI compared to NGI, and
at higher levels on the membranes of apoptotic rather than healthy cells. Cx31.1 appeared to increase
in wound edges at 24 and 48 h after scrape-wounding. Caspase activity in conditioned media from
the scrape-wounds showed that apoptosis in NGI reduced at 24 h post-wounding and was similar
to control levels at 48 h, although caspase in HGI did not alter. UV exposure significantly increased
caspase in both NGI and HGI (P < 0.05) although HGI cells showed less caspase than NGI cells
pre-UV (P < 0.01). In parallel cell viability was reduced post-UV exposure in NGI cells (P < 0.001),
although not in HGI. Cell viability was not significantly different in unexposed cells under NGI or
HGI. Cx31.1 expression altered during wound closure and was associated with ‘diabetic’ levels of
glucose, insulin and apoptosis in HaCaT cells. Despite Cx31.1 being higher in HGI, caspase activ-
ity did not alter in HGI conditioned media. Cells in HGI retained viability after UV exposure to a
greater extent than those in NGI. Cx31.1 is modulated in wound healing, and may be associated
with tissue turn-over in diabetic wounds.
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Sox9 is elevated in a subset of keloid scars with cartilage-like histological features
E Woods,1 M Soldin2 and TJ Shaw1 1 Division of Biomedical Sciences, St George’s, University
of London, London, United Kingdom and 2 Department of Plastic & Reconstructive Surgery,
St George’s Healthcare NHS Trust, London, United Kingdom
The fibrotic response to skin wounding can proceed out of control in a subset of the population,
resulting in disfiguring and painful keloid scars. Based on the histological and physical features of
keloids, as well as gene expression studies, we hypothesized that inappropriate differentiation of
dermal fibroblasts towards a chondrocytic cellular phenotype underlies keloidogenesis. In order to
investigate the cartilage-like characteristics of keloid scars, standard histological approaches and
quantitative RT-PCR were used, and keloid samples (n=11) were compared to normal human skin
(n=10). Haematoxylin and eosin staining was used to assess collagen density and arrangement,
alcian blue to evaluate glycosaminoglycan (GAG) abundance. Transcript copy numbers for c-Myc
and Klf4 (reprogramming and proliferation factors), as well as Sox9 (cartilage-associated transcrip-
tion factor), were also compared. Semi-quantitative scoring of the histology results revealed greater
collagen density in the keloid samples, with a subset of the specimens showing a matrix uniformity
reminiscent of cartilage. Moreover, 3 of 11 keloid scars showed significant alcian blue positivity.
Quantitative RT-PCR showed striking elevation of Sox9 expression in the three keloids histologically
most similar to cartilage (high alcian blue staining). Conversely, there was significantly less c-Myc
expression in the keloids relative to normal skin, and Klf4 was unaltered. The findings suggest that
in mature keloid scars, such as those collected during revision procedures for this study, markers of
differentiation including Sox9 may be elevated, whereas reprogramming factors (e.g. c-Myc and
Klf4) have normal or repressed levels. The possibility remains that c-Myc/Klf4 may be elevated dur-
ing early stages of keloidogenesis, functionally contributing to the erroneous commitment of der-
mal fibroblasts to a cartilage-like lineage. Our findings highlight that keloids are highly heteroge-
neous, perhaps reflecting unique aetiologies.
1511
VEGF promotes cutaneous wound healing via VEGFR-1 signaling in keratinocytes and
macrophages
K Johnson, M Lachey and T Wilgus Pathology, The Ohio State University, Columbus, OH
Vascular endothelial growth factor (VEGF) plays an important role during wound healing by acti-
vating VEGF receptors (VEGFR) on endothelial cells, which stimulates angiogenesis. Interestingly,
VEGFR-1 has now been described on other cell types critical for wound healing, including ker-
atinocytes and macrophages. This suggests that VEGF may stimulate repair through angiogenic and
non-angiogenic mechanisms. The purpose of this study was to determine whether VEGF directly
affects keratinocytes and macrophages during wound repair. Healing was assessed in full-thickness
excisional wounds from two unique conditional knockout (KO) mouse strains in which VEGFR-1
was ablated in either keratinocytes or macrophages. A significant delay in wound closure was
observed in mice lacking VEGFR-1 in epidermal keratinocytes (epiKO). Wounds from epiKO mice
contained fewer macrophages and healed more slowly than control wounds. Strikingly, only 20%
of epiKO wounds were completely healed at 5 days compared to 86% of control wounds, suggesting
that VEGF may mediate pro-inflammatory mediator production by keratinocytes and directly pro-
mote reepithelialization by keratinocytes. Healing was also examined in mice lacking VEGFR-1 in
macrophages (macKO). Significantly fewer macrophages were observed in wounds from macKO
mice compared to controls, indicating that VEGF acts as a macrophage chemoattractant during
repair. Only 15% of the macKO wounds showed complete closure at 5 days compared to 42% of
controls. It is likely that reduced macrophage recruitment in macKO mice contributes to the delay
in wound closure, as macrophages produce a variety of factors that affect reepithelialization by
keratinocytes. Overall, these results suggest that in addition to stimulating angiogenesis, VEGF affects
wound healing by acting through VEGFR-1 on keratinocytes and macrophages. These studies pro-
vide new information about how VEGF contributes to dermal repair, which could be useful for the
development of new strategies to prevent chronic wounds and improve healing.
1513
Wound healing in a full-thickness in vitro human skin model
A Armento, M Bachelor, G Stolper, J Oldach, M Li, M Klausner and P Hayden MatTek
Corporation, Ashland, MA
Cutaneous wound healing involves interactions between dermal fibroblasts and epidermal ker-
atinocytes as well as cell-extracellular matrix interactions. The current study describes wound heal-
ing experiments conducted in a full thickness in vitro human skin model (EpiDerm-FTTM). This
model exhibits stratified epidermal components and a fully developed basement membrane and
resembles in vivo skin in regard to morphology and barrier function. Small epidermal only wounds
(3mm biopsy punch) or full-thickness wounds (cauterizer burns) were induced in the model and
cultures were processed for histological evaluation at various recovery time points. H&E stained
sections of burn wounds showed a necrotic epithelium and denatured collagen matrix following
burning. Beginning on day 1, matrix degradation and keratinocyte migration into the wounded
area was observed. Over the course of 7 days, migrating keratinocytes covered the wounded area
and fibroblasts were observed repairing the dermal matrix. Biopsy wounds were conducted with or
without 2% human serum. Histological analysis showed keratinocyte migration at 2 days follow-
ing wounding in both conditions. Wounded tissues cultured without growth factors had a reduced
healing rate in which keratinocytes did not cover the entire wound within a 6 day timeframe. Wounded
tissues cultured in 2% human serum demonstrated an increase in healing rate as keratinocyte migra-
tion completely covered the wounded area by day 6. Increased fibroblast proliferation in dermal
areas directly adjacent to migrating keratinocytes was observed in cultures supplemented with 2%
human serum. Gene expression profiling of the wounded area showed temporally regulated changes
in mRNA expression of basement membrane components, collagens and genes involved in extra-
cellular matrix remodeling. Fibroblast proliferation and epidermal healing in tissues cultured in 2%
human serum was severely impaired in the presence of an EGFR tyrosine kinase inhibitor or a
TGFα neutralizing antibody. Taken together, EpiDermFT appears to be a promising approach for
analyzing cutaneous wound healing.
1512
Development of an in vitro organotypic wound model & application of this model to the char-
acterization of notch in healing wounds
M Roy, TJ Jaraczewski, PR Pathak and TW King Division of Plastic Surgery, Department of
Surgery, University of Wisconsin, Madison, WI
Wound healing affects millions of people annually. Following injury, keratinocytes from the wound
edge proliferate, migrate & differentiate to recapitulate the 3-D structure needed to provide a bar-
rier function. We are interested in discovering novel strategies to enhance the wound healing process.
Human keratinocytes (NIKS) were grown in organotypic cultures composed of human dermal fibrob-
lasts embedded in type I collagen. Cultures were kept submerged for 5 days, then raised to the air-
interface, & maintained for an additional 15 days allowing formation of fully-stratified squamous
epithelia. A full thickness wound was created in the organotypic culture & allowed to heal over 14
days. The organotypic cultures express differentiation markers & Notch comparable to human tis-
sue via indirect immunoflorescence (IIF). Notch1 & 2 were expressed at the basal layers, while
Notch3 expression extended to cells in the granular layer of the epidermis, indicating a possible
role of Notch1 & 2 in proliferation & migration of basal keratinocytes & Notch3 in differentiating
keratinocytes. Notch ligand Jag-1 was expressed throughout the epidermis, Jag-2 localized to the
basal layer while DLL-1 localized to the suprabasal & granular layer again indicating a differential
role.Our hypothesis is further supported in the organotypic wound model we have developed. The
expression patterns of the Notch isoforms & ligands at the leading edge of the healing wound were
observed through Day 14. While the area away from the wounded edge resembled the expression
patterns for Notch & its ligand to that of static cultures, we noticed a robust expression of Notch &
Jag-1at the hyperproliferative wound edge & along the leading edge. DLL-1 was not detected. We
are using this novel wound healing model to investigate the role of notch in wound healing. Broader
applications of this model to investigate new therapeutic interventions for wound healing are also
being pursued.
1510
Is prolactin a negative modulator of human skin wound healing?
T Poertner,1 EA Langan2,1 and R Paus1,2 1 Department of Dermatology, University of Luebeck,
Luebeck, Germany and 2 Dermatological Sciences, University of Manchester, Manchester,
United Kingdom
Human skin and its appendages are not only targets, but also sources of prolactin (PRL). While PRL
potently modulates hair growth and has recently emerged as a regulator of keratin expression in
human skin, little is known about the impact of PRL on cutaneous wound healing. However, hair
growth and wound healing share multiple characteristics. Furthermore, given that PRL can modu-
late keratinocyte proliferation, human stem cell biology in situ, and exerts both pro- and anti-
angiogenic effects, we tested the hypothesis that PRL modulates human skin wound healing. This
hypothesis was probed by assessing the effect of PRL (400ng/ml) on key wound healing parameters
in wounded, organ-cultured human skin (full-thickness, punch-within-a-punch design, serum-free
William’s E medium) from two female subjects aged 57 and 66 years. The tested PRL concentration
was selected because it modulates human hair growth, keratin 15+ human hair follicle progenitor
cells, and keratin expression and simulates hyperprolactinemia. Pooled data from our pilot assays
suggested a tendency of PRL to inhibit reepithelialisation, as evidenced by reduced length and area
of the regenerated epithelium, which also showed increased apoptosis (TUNEL assay). Interest-
ingly, proliferation (Ki67) in the regenerated wound epithelium was up-regulated by PRL, followed
by increased expression of the late differentiation marker, involucrin. Instead, the wound healing-
associated cytokeratin 6 was initially down-regulated. Moreover, there was a trend towards PRL
reducing both overall CD31 immunoreactivity and the number of CD31+ vessel lumina. These pre-
liminary in vitro data suggest that PRL indeed impacts on human skin wound healing, where it may
primarily operate as a negative wound healing modulator that could limit epithelial regeneration
and angiogenesis. This, in turn, raises the question of whether endogenous, intracutaneously pro-
duced PRL may serve as a safeguard mechanism against excessive wound healing phenomena
such as hypertrophic scars or keloid formation.
1514
Biological function & modulation of Thymosin β-4 in human skin
S Chen,1 Q Zheng,2 J DiMaria,1 J Lyga2 and U Santhanam1 1 Cell Biology & In Vitro Toxicology,
Avon Products, Inc., Suffern, NY and 2 Bioscience, Avon Products, Inc., Suffern, NY
Thymosin beta-4 (Tβ-4) belongs to a highly conserved, water-soluble, acidic polypeptide family of
proteins. Although it was originally identified as an actin-sequestering molecule in eukaryotic cells,
Tβ-4 plays a critical role in dermal and corneal wound healing via multiple activities: anti-inflam-
matory, stimulation of keratinocyte migration, regulating MMP expression, and matrix remodeling.
Using a wound healing assay, we demonstrated that Tβ-4 plays a vital role in keratinocyte migra-
tion and wound repair. We postulated that this wound repair property of Tβ-4 could be compro-
mised by skin aging since we found that Tβ-4 expression decreases with age in vivo. We initiated
a screening program in order to identify active ingredients that can influence the expression of Tβ-
4 in skin cells, and potentially produce a positive impact on the visual appearance of aged skin. In
this poster, we report on the identification of several novel ingredients that increase the expression
of Tβ-4 in skin cells in vitro. Topical skincare formulations containing these novel Tβ-4 stimulators
can counteract age-induced reduction of Tβ-4 in vitro. This may help improve the appearance of
aging skin in vivo.
www.jidonline.org   S257
IID13_Abstracts-5  3/25/13  3:01 PM  Page S257
ABSTRACTS | Tissue Regeneration and Wound Healing
1515
Role of kallikrein 6 during epidermal regeneration after glucocorticoid-induced cutaneous
atrophy
M Kishibe,2 G Baida,1 P Bhalla,1 S Iinuma,2 S Yoshida,3 RM Lavker1 and I Budunova1 1
Dermatology, Northwestern University, Chicago, IL, 2 Dermatology, Asahikawa Medical
University University, Asahikawa, Japan and 3 Functional Anatomy and Neuroscience,
Asahikawa Medical University University, Asahikawa, Japan
One of the major adverse effects of glucocorticoid therapy is cutaneous atrophy often followed by
the development of resistance to steroids (tachyphylaxis). Previously we showed that within two
weeks of topical fluocinolone acetonide (FA) treatment, interfollicular mouse keratinocytes acquired
resistance to the anti-proliferative effects of this glucocorticoid. To search for potential mechanism(s)
by which keratinocytes regain their ability to proliferate, we performed extensive DNA array analy-
ses focusing on genes that were activated after a 2 wk treatment with steroids. Kallikrein 6 (Klk6),
a trypsin-like serine proteinase known to enhance keratinocyte proliferation and migration both in
vitro and in vivo was the most up-regulated (8-10 fold) gene. We confirmed the increased expres-
sion of Klk6 by RT-PCR and immunostaining. Interestingly, Klk6 was expressed in single keratinocytes
in the suprabasal layer of the atrophic mouse epidermis, and these Klk6+ keratinocytes were adja-
cent to BrdU+ proliferating keratinocytes. Epidermal induction of KLK6 was also noted after appli-
cation of glucocorticoid clobetasol propionate to human skin. We identified multiple putative glu-
cocorticoid receptor binding sites (GRE) in the Klk6 promoter suggesting that Klk6 is a primary
glucocorticoid receptor target gene. We are using Klk6 knockout (KO) animals to further assess the
importance of Klk6 in skin regeneration after steroid-induced cutaneous atrophy. Our pilot experi-
ment indicated that in Klk6 KO mice the development of proliferative resistance to FA was weaker
than in wild type littermates. Collectively, our results suggest a novel mechanism of epidermal regen-
eration after glucocorticoid-induced cutaneous hypoplasia via activation of Klk6, which stimulates
keratinocyte proliferation.
1516
Generation of 3D full-thickness skin equivalents exclusively from human induced pluripo-
tent stem cell (iPSC)-derived keratinocytes and fibroblasts
Z Guo, M Itoh, N Umegaki and AM Christiano Columbia University, New York, NY
Cell-based therapies are limited by the number of undifferentiated cells available and/or by immune
rejection. Generation of iPSCs can provide unlimited source of immunocompatible, patient-spe-
cific cells for medical applications, thus circumventing the obstacles encountered by adult and
embryonic stem cells. However, the potential for iPSCs in regenerative medicine is still being real-
ized. Here, we have generated full-thickness 3D skin equivalents using exclusively iPSC derived
cells. iPSCs were generated from human dermal fibroblast cells isolated from foreskin, by exoge-
nous expression of 4 transcription factors, Oct3/4, SOX2, MYC, and KLF4. Keratinocytes were dif-
ferentiated from iPSCs using the method developed in our lab, by treatment with RA and BMP4.
Fibroblast cells were derived from iPSCs using ascorbic acid and TGFB2 before culturing in DMEM
supplemented with ascorbic acid and 20% bovine serum. These cells assumed fibroblast-like mor-
phology and expressed typical CD surface markers such as CD10, CD44, CD73 and CD90. To gen-
erate 3D skin equivalents, iPSC-derived fibroblast cells were embedded in 3 mg/ml of rat tail type
I collagen and cultured for 7 days before applying iPSC-derived keratinocytes on top of fibroblast-
containing collagen gels. Epidermal differentiation was facilitated by lifting gels to the air interface.
Hematoxylin and eosin staining revealed a well-differentiated epidermis with distinct basal, spin-
ous and granular layers and a stratum corneum, and immunohistochemistry showed that collagen
VII was expressed at the basal membrane zone. We successfully reconstituted two distinct iPSC-
derived cell types into 3D human skin equivalents, which may be utilized for various applications
such as high throughput screening and the development of cell-based therapies for inherited skin
diseases.
1517
Light emitting diode generated red light modulates keloid-derived fibroblast proliferation and
migration speed
A Mamalis,1 J Bartlett,1 S Sandhu,1 RR Isseroff1,2 and J Jagdeo1,2,3 1 Department of Dermatology,
UC Davis, Sacramento, CA, 2 Dermatology Service, Sacramento VA, Sacramento, CA and 3
Department of Dermatology, SUNY Downstate Medical Center, Brooklyn, NY
Keloids are a disorder characterized by increased fibroblast proliferation and extracellular matrix
deposition. Cultured keloid-derived fibroblasts also demonstrate increased migration speed com-
pared to fibroblasts derived from normal human skin. We previously found that light emitting diode-
generated red light (LED-RL) can modulate normal human skin fibroblast proliferation. Here we
hypothesized that LED–RL can modulate keloid-derived fibroblast proliferation and migration speed.
To test these hypotheses, two different keloid-derived fibroblast lines were irradiated with LED-RL,
each matched with a temperature regulated “bench control plate” (BCP), to ensure that the meas-
ured effect was a result of LED-RL treatment and not due to other environmental factors. LED-RL at
fluences of either 320 J/cm2 or 480 J/cm2 significantly decreased cell proliferation at 48hrs post
irradiation (14 - 29% decrease from control, temperature-matched BCP cells, p<0.05), with no sig-
nificant decrease in cell viability, as measured by trypan blue exclusion. Keloid-derived fibroblasts
also demonstrated decreased migratory speeds compared to BCPs as measured by time-lapse video
microscopy imaging over a period of 4 hours at 30-minute intervals. A fluence of 320 J/cm2 decreased
their speed by 15-20% of that of the BCP (p<0.02). Similar LED-RL-induced decreases in prolifer-
ation and cell migration were observed in 2 normal fibroblast cultures. We conclude that LED gen-
erated red light modulates keloid-derived human skin fibroblast functions that are associated with
fibrosis. There are few effective treatment options for keloids and other cutaneous fibrotic diseases.
We envision that our findings will serve as the foundation for future translational studies that con-
tribute to the management of fibrotic skin disease.
1518
Genome organizer and AT-rich binding protein Satb1 inhibits epidermal regeneration during
wound healing via modulation of cell migration and apoptosis
VU Emelianov,1 MI Ahmed,2 TY Sharova,1 AN Mardaryev,2 MY Fessing,2 AA Sharov1 and
VA Botchkarev1,2 1 Dermatology, Boston University, Boston, MA and 2 Centre for Skin
Sciences, University of Bradford, Bradford, United Kingdom
Genome organiser and special AT-rich binding protein Satb1 plays an important role in the control
of higher-order chromatin remodelling in keratinocyte-specific genes, which is required for the main-
tenance of their transcriptionally active status (J Cell Biol, 2011, 194, 825). Here, we show that Satb1
expression in mouse epidermal keratinocytes is markedly downregulated during wound healing. To
study the role of Satb1 in the control of epidermal regeneration, transgenic (TG) mice overexpress-
ing Satb1 under control of Dox-inducible K14 promoter (K14-rtTA/TRE-Satb1) were generated. TG
mice showed significant retardation of the wound healing process accompanied by the decrease of
the length and area of hyperproliferative epithelium compared to controls. However, cell prolifer-
ation in regenerating epidermis was not altered in TG mice versus the controls. In contrast, TG mice
showed significant increase in the number of TUNEL+ apoptotic cells in the hyperproliferative epithe-
lium compared to controls. Also, primary keratinocytes isolated from TG mice showed significant
retardation of migration compared to non-TG keratinocytes. Furthermore, ChIP-on-chip and microar-
ray data revealed that a large number of the motility-associated genes encoding the essential com-
ponents of the cell migration machinery (myosins, troponins, etc.) serve as direct Satb1 targets in
keratinocytes. Thus, Satb1 downregulation likely serves as a part of the protective response mech-
anism controlling epidermal regeneration during wound healing, while Satb1 targeting might be
used as a novel approach to improve skin regeneration in chronic wound conditions.
1519
IL-33 is upregulated after injury and stimulates inflammation during repair
B Wulff and T Wilgus Pathology, The Ohio State University, Columbus, OH
Inflammation plays an important role in repair by eliminating potential pathogens from the wound.
However, inflammation can also delay healing and stimulate scar formation in some cases. Despite
the importance of inflammation in the healing process, the exact mechanisms by which inflamma-
tion is initiated after injury are not fully understood. Recently, a role for interleukin-33 (IL-33) has
emerged in the skin. This cytokine is a member of the IL-1 cytokine family and has been described
as an alarmin, which is a class of endogenous molecules that trigger inflammation. The goals of this
study were to characterize IL-33 expression during repair and determine the role of IL-33 in wound
inflammation. IL-33 expression was examined by immunohistochemistry in adult and fetal murine
skin wounds. In uninjured adult skin, nuclear IL-33 staining was observed in basal keratinocytes.
IL-33-positive cells began to increase in the dermis 12 hours post-injury and remained high through
48 hours. Increased IL-33 staining was observed in keratinocytes at the wound margin beginning
at 24 hours. Epidermal IL-33 expression peaked at 48 hours and remained elevated until 7 days. IL-
33 expression was also examined in fetal wounds. In this model, wounds created at embryonic day
15 (E15) lack an inflammatory response and heal scarlessly, while wounds created at E18 heal with
robust inflammation and scarring. IL-33 expression was not observed in unwounded E15 or E18
skin. In fetal wounds, more IL-33-expressing cells were seen for a longer period of time in E18
wounds compared to E15 wounds, suggesting that IL-33 may help regulate inflammation and scar
formation during wound healing. To test the importance of IL-33 in wound inflammation, wound
healing studies were performed in IL-33 knockout (KO) mice. Significantly fewer neutrophils were
detected in wounds from IL-33 KO mice compared to wild-type mice, suggesting that IL-33 pro-
motes inflammation after injury. Ongoing studies are examining the effects of IL-33 on other aspects
of healing, including scar formation.
1520
Bone morphogenetic protein signalling regulates keratinocyte proliferation and migration
during wound healing in murine and human skin
C Lewis,1 AN Mardaryev,1 AA Sharov,2 TY Sharova,2 VU Emelianov,2 NV Botchkareva,1 D Sharpe1
and VA Botchkarev1,2 1 Centre for Skin Sciences, University of Bradford, Bradford, United
Kingdom and 2 Dermatology, Boston University, Boston, MA
Bone morphogenetic proteins (BMPs) and their receptors (BMPRs) regulate tissue development and
remodelling; however, their role in wound healing is unclear. To study the role of BMPs in skin repair,
we used transgenic mice overexpressing the BMP antagonist Noggin or BMP downstream compo-
nent Smad1 under the control of a K14 promoter as in vivo models, as well as a human ex vivo
wound healing model. K14-Noggin mice displayed accelerated wound healing, associated with
increased keratinocyte proliferation at the wound margin and a hyper-proliferative wound epithe-
lium, as well as increased wound capillary density versus the corresponding controls. In contrast,
K14-Smad1 mice exhibited retarded wound healing and significantly reduced wound epithelial sur-
face area compared to controls. qRT-PCR showed down-regulation of BMPR-IA and up-regulation
of BMPR-IB in murine wounded skin, as well as down-regulation of the BMP receptor ligands
(BMP2/4/6/7). Human and mouse keratinocyte proliferation was impaired after treatment with
BMP4/7 as assessed using flow cytometry, whereas treatment with BMP antagonist Noggin increased
cell proliferation. siRNA silencing of BMPR-IA increased keratinocyte proliferation, whilst consti-
tutive activation of both BMPR-IA and IB reduced cell proliferation. Keratinocyte migration was
slowed after BMP4/7 treatment compared to controls. Furthermore, silencing of BMPR-IB acceler-
ated migration compared to controls, whilst targeted overexpression of BMPR-IA/IB in conjunction
with Smad1/5 attenuated migration. Topical administration of BMP4/7 to a human ex vivo wound
healing model impaired epithelial closure versus the controls, whereas treatment with Noggin
resulted in accelerated epithelial closure. Thus, this study demonstrates that BMPs negatively regu-
late keratinocyte proliferation and migration during wound healing, and raises a possibility for using
BMP antagonists for the management of chronic wounds.
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TNS4 delayed wound healing through actin cytoskeletal regulation
S Jin, E Seo, J Chung and H Eun Department of Dermatology, Seoul National University College
of Medicine, Seoul, Republic of Korea
Tensin proteins are known to play a pivotal role in cell migration, wound healing and tumorigene-
sis. TNS4 is one of the four tensin family members, but little is known about its role in skin epider-
mal migration and wound healing. In this study, TNS4 was over-expressed in primary cultured nor-
mal human epidermal keratinocytes (NHEK) in vitro or epidermis in vivo using a GFP tagged
adenoviral over-expression system. We examined the role of TNS4 in the skin through a wound heal-
ing assay. In the TNS4 over-expressed NHEK, TNS4 was observed in the peripheral cytoplasms, and
the morphology and the size of the keratinocytes differed from that of the GFP controls. Consistent
with the morphological change, F-actin polymerization was decreased where TNS4 was over-
expressed on immunocytofluorescent staining. When in vitro scratch assay was performed, scratched
area was remained significantly larger in the TNS4 over-expressed cell layer after 48 hours com-
pared to the GFP control group (59% VS. 26%, respectively, n=3, p=0.05) indicating that cell
migration was diminished by TNS4 over-expression. Cdc42 have well known associations with F-
actin polymerization and cell migration. We found that Cdc42 protein level was reduced by 50%
when TNS4 was over-expressed, in addition to the downstream signals of Cdc42 being reduced.
Cdc42 level was restored when treated with a proteasome inhibitor was treated. When TNS4 was
over-expressed, the proportion of S phase was reduced in TNS4 over-expressed group. Finally, we
confirmed a delay in wound healing in vivo using mice back skin with punch injury. Four days after
wounding, the injured area was 1.7-fold (p<0.05) wider in the TNS4 over-expressed group com-
pared to the GFP control group. In conclusion, our study suggested that TNS4 over-expression trig-
gers Cdc42 degradation through a proteasome pathway and eventually affects the cytoskeletal sys-
tem, which leads to aberrant cell migration, proliferation, and delayed wound healing.
1523
Expression of either microRNA-198 or FSTL1 from a primary transcript is controlled by TGF-
β and KSRP for efficient wound healing
GM Sundaram, JE Common, B Lane and P Sampath Institute of Medical Biology, A*STAR,
Singapore, Singapore
Wound healing requires the regulated integration of complex biological events including cell migra-
tion, proliferation and extracellular matrix remodeling, globally stimulated by TGF-β and other
growth factors. We report a novel post-transcriptional switch that dictates the spatio-temporal and
mutually exclusive expression of two alternative gene products from a single transcript. In unwounded
normal skin expression of exonic microRNA-198 (miR-198), located in the 3’-untranslated region
of follistatin-like-1 (FSTL1) mRNA is observed. Upon wounding miR-198 expression is shut down
and expression switches to the linked open-reading-frame (ORF) of FSTL1. We demonstrate that
binding of a KH-type splicing regulatory protein (KSRP) to the primary transcript determines the
fate of the transcript and is essential for the processing of miR-198: TGF-β-signaling switches off
miR-198 expression by down-regulating KSRP, which promotes FSTL1 protein expression. We also
observed that FSTL1 expression promotes keratinocyte migration, whereas miR-198 expression has
the opposite effect by targeting and inhibiting genes important for migration. A clear inverse corre-
lation between the expression pattern of FSTL1 (pro-migratory) and miR-198 (anti-migratory) high-
lights the importance of this regulatory switch in controlling context-specific gene expression to
orchestrate wound re-epithelialization. The deleterious effect of failure of this switch is apparent in
non-healing chronic diabetic ulcers, where expression of miR-198 persists, FSTL1 is absent and
keratinocyte migration, re-epithelialization and wound healing all fail to occur.
1522
Development of ECM-based biohybrid skin substitutes
B Luo,1 Q Loh,1,3 N Tan,2,3 T Lim4 and C Choong1 1 School of Materials Science & Engineering,
Nanyang Technological University, Singapore, Singapore, 2 School of Biological Sciences,
Nanyang Technological University, Singapore, Singapore, 3 Institute of Cell and Molecular
Biology, Agency for Science, Technology & Research, Singapore, Singapore and 4 Department
of Surgery, National University Hospital, Singapore, Singapore
Objective: To utilize discarded adipose tissues as waste-to-resource materials for the development
of in vitro biohybrid skin substitutes containing natural biological cues. Currently, adipose tissue is
often discarded after plastic and reconstructive surgery in the form of lipoaspirates and grafts. A
chemical-free decellularization method was used to obtain ECM from the human adipose tissues.
The whole decellularization process used to treat the lipoaspirate material takes place in over an
hour as compared to days taken by the commonly-used chemical and hybrid methods. H&E stain-
ing results showed no evidence of visible nuclear material, whilst the amount of dsDNA left in the
dry ECM was 47.1 ng/mg. SEM analysis further confirmed the removal of both cells and lipids from
the remaining fibrous ECM material. Besides, immunostaining results showed that key structural
proteins such as collagen type I (Col1), collagen type IV (ColIV) and laminin remained intact in the
ECM. Angiopoietin-like 4 (ANGPTL4), a matricellular protein that is implicated in wound healing
and angiogenesis, is also found intact in the ECM obtained using our chemical-free decellulariza-
tion method. The successful coupling of ECM with alginate was confirmed by the presence of
amide I band (at 1642 cm-1) and amide II band (at 1523 cm-1) in FTIR spectrum. Alginate scaffolds
after 60 min of second cross-linker treatment had relatively larger pores and thicker inter-pore con-
nectivity compared to those without second cross-linker treatment. It was observed that the size of
the scaffolds decreased with increasing duration of second cross-linker treatment. Overall, this bio-
hybrid scaffold is a stepping-stone towards the development of tunable acellular scaffolds with cel-
lular benefits without the need for additional biologics.
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